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ANNOTATION

[Text] The given collection includes expanded summaries of the reports presented
at the Fourth All-Union Symposium on the control problems of communications
networks, the construction of dynamic information flow control systems, the prob-
lems of introducing control systems in the communications networks and centers of
the USSR and the construction of programmed control devices. In additiom, a
study is made of the analytical methods of analyzing networks with dynamic
traffic control and the problems of their application in practice.
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PROBLEM OF DETERMINING THE LOAD ON CENTRALIZED CONTROL UNITS AT SWITCHING CENTERS
{Article by R. A. Avakov, V. D. Safronov, Leningrad, pp 3-5]

When developing centralized control units (CCU) based on control computers (EmM),
a number of peculiarities arise in determining the incoming and serviced load.
These peculiarities are caused by the multiple staging, the presence of priorities
and temporary restrictions in servicing the calls [1-3].

The incoming telephone call traffic creates a load on the switching center (sc).
The load serviced by the switching center with given subscriber servicing quality
norms determines the carrying capacity of the switching center as a whole. The
carrying capacity of a switching center with programmed control depends on the
carrying capacity of the switching system (SS) and the centralized control units

_ (CCU). Let us stipulate that the carrying capacity of the CCU be expressed in
terms of its output capacity, which will be determined by the maximum number of
serviced calls per unit time under the condition of the presence of a sufficient
number of SS wnits. Thus, the output capacity of the CCU can be expressed in
terms of the load for which it has the meaning of efficient application of the
CCu.

The servicing of calls in the switching center with program control is divided
into a number of stages which are determined by the type of communicationms, the
type of communication area, the actions of the calling and called subscribers.
Each stage of servicing the calls corresponds to setting up a call
(disconnecting) in the switching system between the incoming and outgoing equip-
nent (lines).The flow of calls coming to the switching system "multiplies" on the
basis of multistaging and limitation of the functions of the SS sets, and it
determines the flow of requests to the CCU. The requests to the CCU come from
sources which are the various types of SS sets. The process of servicing the
requests consists in successive processing of calls in the CCU-SS section [4].
There is a dependence of the load (Yocy) coming to the CCU on the load (Ygg)
coming to the SS: YCCU=f(YSS). As YSS increases, Yqcy also increases; CCU is
considered to have exhausted its output capacity when it cannot service an addi-
tional load without having a negative effect on the subscriber service quality.
Here the difference between the incoming load and the load serviced by the CCU
will determine the service losses of the flow of requests AY [1]. In reference
[5], let us present the possible methods of estimating the carrying capacity of
the SS with programmed control.
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From the point of view of program processing, each stage of servicing s a separate
problem which is realized in the CCU by means of three processes: information
reception, processing and output. Representing the operation of the CCU in the
form of a single~routing queueing system for each of the stages, it is possible to
obtain all the necessary characteristics (waiting time, busy period, and so on)

of each of the processes which are required to estimate the load on the CCU.

A formalized description of the process of servicing the CCU calls can be
represented in the form of a graph:

o= {A'B} ’

where A={al, ceoy an} is the set of apexes of the graph which correspond to the
call servicing stages; B={bi-} is the set of sides of the graph which reflect the
information interrelations o% the call servicing stages and are given by the matrix:

1 for i=j,
B8 =ﬂﬁql ﬁ ={'5g in the presence of a side,
0 in the absence of a side.
From the matrix B, which is a mapping of the graph G, the set of routes traveled
by the call servicing stages between apexes aj and a; i=1 is determined.
The call servicing route (sequence) is also given by the’tranédmidsion matrix:

p=IPL4 5

where p;.; is the probability that after servicing at the apex a; the call will go
to apex 3 for servicing.

Each apex of the graph G forms its own flow of requests to the CCU in accordance
with the load intemsitv of the i-th flow (1;). The flow of requests coming to

the CCU for servicing is characterized by the times of their arrival t; and the
servicing time of the requests in different stages Aty. The times ty are deter-
mined by the actions of the subscribers (picking up the receiver, beginning to
dial the number, and so on). For determining At; through a given SS it is
necessary to know the number of operations executed in the i-th stage k; (it is
determined by the logical diagram of the algorithm) and the duration of each
operation iti (it corresponds to the time spent on performing an elementary opera-
tion):

AT, =K, Aty

The flow of requests reaching the CCU creates the load:

YCCU = _‘27,1;(;61,-

In addition to the basic time tproc=g Aty spent on processing the requests to

the CCU, it is possible to isolate constant time expenditures on the performance
of svstems operations tg., the operations of scanning the SS sets s can and the
variable time expenditures connected with the maintenance servicing §%"the system,
tmaine ALl of these components can be related by the coefficients q defining the
proportion of them out of the total operating time T:

3
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t50™91T5 Cscan™9pT tproc+cmain=q3T'

Considering the coefficient o, operation of the CCU without overloads is guaran-
teed:

Qy*Gp* Gy = T.

The time expenditures tg, and tgca, create a constant load on the CCU independent
of the number of incoming requests. When determining the load connected with
processing the requests, it is necessary to consider the constant component which
takes up a significant proportion of the total load on the CCU.

A study is made of the estimation of the effectiveness of functional organization
of request servicing processes in the CCU by the load criterion. The optimization
of the call servicing processes is carried out by minimizing the nonproductive
machine time expenditures. Determination of the load permits estimation of the
duration of the CCU and generation of recommendatioms for effective use of the EUM
in the switching centers.

For proper calculation of the switching center control equipment it is necessary
to have systematic statistical data. The formation of the statistical information
on the call service quality in the CCU can be carried out on the basis of the load
calculation programs.
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ESTIMATING THE OPERATING EFFICIENCY OF THE CONTROL COMPLEX OF A SWITCHING CENTER
[Article by E. Kh. Allayev, M. Sh. Zakhitsov and A. S. Saibov, Tashkent, pp 5-9]

The control system of the switching center must operate continuously over a pro-
longed period, for failure of the control system can lead to interruption of the
operation of the entire system. In order to insure high reliability of the con-
trol system, the two-computer principle of switching center control is used [1].

The two-computer control system (DUK) is made up of two identical control computers
(EUM). Depending on the selected operating conditions, either one EUM or both of
the EUM simultaneously can be used to service the incoming call traffic.

The operation of the DUK can be organized in the following modes:
Asynchronous (s=1),

Synchronous (s=2),

Load separation (s=3),

Source separation (s=4).

In the asynchronous mode of operation of the DUK, the functions connected with
servicing the incoming calls are performed by the active EUM (EUM-A), the other
(EUM-B) is in "hot" reserve [2]. In the case of failure of an active EUM, the
reserve EUM takes on the functions of controlling the switching center. The
operating fitness of EUM-A and EUM-B is monitored autonomously using hardware
and software (logical program or test) monitoring means. In contrast to the hard-
ware, the software monitoring is accomplished periodically with a period of Tperr

and it requires expenditures of EUM time equal to Tper* After detection of a
failure in the active EUM, the reserve is put into operation after a time interval
t .

res

In the synchronous mode of operation of the DUK, each incoming call is processed
in parallel by two EUM [3]. The results of operation of the EUM~A and EUM-B are
compared in order to monitor the fitness of the EUM in defined phases of call
processing or periodically (with a period of T., ). In the case of noncomparison
of the results of the EUM-A and the EUM-B, each ]g% them includes the monitoring
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prograws providing tor rinding the railed EUM. Before repair of the failed EUM,
the fitness of the EUM that is in working order is checked by the hardware and
sof tware.

In the load division mode the incoming call traffic is also serviced in parallel
by the EUM-A and the EUM-B [4]. However, in contrast to the synchronous mode,
the EUM-A and the EUM-B process different calls. On failure of one of the EUM,
the entire load is picked up by the other. After elimination of the cause of
failure, the initial structure of the DUK is restored. In the mode with load sepa-
ration, the fitness of the EUM-A and EUM-B is also checked autonomously using
hardware and software monitoring means.

The mode with division of sources is characterized by the fact that all of the
load sources of the switching center are divided into two groups. The calls

coming from the first group of sources are serviced using the EUM-A, and the calls
from the second group of sources, by the EUM-B. On failure of one EUM, the other
(the one in good repair) services calls coming from all the load sources. The
fitness of the EUM-A and the EUM-B is checked autonomously using hardware and soft-
ware.

The above-investigated operating conditions of the DCK are not equivalent, for they
provide for different output capacity and require different expenditures for
organization of the interaction of the EUM. Therefore the problem of determining
the operating mode of the DUK in which maximum output capacity will be insured
with low expenditures on hardware and software for organization of the interaction
of the EUM is of great interest. For selection of this operating mode of the DUK,
the quantitative characteristic is required which permits comparison of different
versions nf the DUK among each other. The output capacity, that is, the number

of calls serviced by the DUK with observation of quality indices per unit time,
can be used as this characteristic. Since the calls are serviced by the DUK with
waiting, and the call waiting time characterizes the operating quality of the
system, the output capacity of the DUK can be defined as

N=[1-P{t>ta}}-A, (1)

where A is the intensity of the incoming call traffic; P{t>ta} is the probability
that the call waiting time will exceed the value of tg; tp is the admissible call
waiting time.

For selection of the optimal operating mode of the DUK using the index (1), it is
first necessary to define the call waiting time distribution functions W(t). The
function W(t) depends on many factors: the arrival intensity A and the servicing
intensity p of the calls, the failure intensity Ay and repair intensity Upep of
the EUM, the period T o, and the time for performance of the check tests Toer’ the
period T o, and the comparison time T.omp of the results of the EUM-A and ﬁﬁM—B,
and the operating mode of the DUK, s.

An efficient operating mode for the DUK can be selected simply without considering
the nature of the incoming traffic or the time required to service the incoming

calls, In this case, i §s expedient to use the use coefficient of the computing
capability of the DUK n S) as the optimalness index of the operating mode of the
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DUK. This index is defined as the ratio of the total useful operating time of
the EUM-A and the EUM-B T(s) to the total operating time of the two computers 2T
in the operating time interval of the DUK T. that is

» TG 2)
T 2T
The operating time of the DUK T consists of three terms:
- T=ty+t,+t,, (3

where ty is the time during which both EUM are in proper working order; t, is the
time during which only one EUM is in proper working order; t3 is the time during
which both EUM have failed.

Let us propose that the probabilities of the state of the DUK Py (i=0.1 and
j=0.1) are known, where i characterizes the state of the EUM-A, and j character-
izes the state of the EUM-B, where O is the working state of the corresponding
EUM, and 1 is the failed state; then

tt“T’Poo- ta.=""r(pot' ao)»t>‘=T' P.. (%)

Let us consider the time during which the EUM c?n be busy with servicing incoming
calls as the useful operating time of the DUK T s) For determination of the
value of T(S) it is necessary to calculate the nonproductive expenditures of DUK
time in each mode.

The nonproductive expenditures of DUK time in the time intervals t; and t, under
asynchronous conditions are related to the performance of check tests and switch-
ing from one EUM to another. The expenditures of DUK time on performing the
check tgsts.are (tl/Tper)Tpe and (tZ/Tper)Tper’ and the expenditures connected
with switching amount™ to /g Et1+t Yt_ , where t,/T and t,/T are the number
-2’ "res % per 2 ger
of performances of check tests in the corresponding time intervals, and Ao(tl+t2)
is the average number of switchings with the simplest flow of EUM failures.
Therefore the value of T(1) can be defined as:

)
T(taf,";;—"f,,*t;‘!,].i't."Ao(ttﬁt;){p. (5)

(1) (2)
Kev: 1. per; 2. res

In the synchronous mode the nonproductive expenditures of DUK time are connected
with comparison of the results of the EUM-A and the EUM-B (in the time interval
t1) and the performance of check tests (in the time interval tj). These expendi-
tures are defined as (t1/Tcomp)Tcomp and (tz/T er)Tpers respectively. The non-
productive expenditures of Dgg time on performgng cgeck tests at the times of
noncomparison of the results of the EUM-A and the EUM-B are 2A0t17per' Conse~

quently, we have
'r ._t'_ Tc-q- ‘__nfrn~ ° lTn'

c

(1) (2)

(6)

Kev: 1. comp; 2. per
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- The nonproductive expenditures in the load and source divisfon modes are related
only to perfurmance of the check tests. Here, considering that in the time inter-

val £y both EUM can be busy with servicing calls, we obtain

$ ta
TLwaz(trtr“;'t")*tl' L Ty -
Key: 1. per (1)

(N

Considering (2), (5) and (7), we obtain the expression for determining the use
coefficient of the computing capability of the DUK in various modes:

2= (Pt 2+ Puo)lt- I - Aote);
"
@ Te T
!=-1—2-[Pw(1- o 2hoTn) +(Poy *Po) (1- —}:)]v

[«X))
2 = iz("’*f’cw“ P *Ro)(4- % :

Key: 1. per

The discussed comparison method and proposed indices permit selection of the best
operating mode of the DUK and at the same time improve the efficiency of using

EUM in switching centers.
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INFLUENCE OF THE TRAFFIC CONTROL ALGORITHM ON THE TRANSMISSION CHARACTERISTICS
OF MULTIPACKET COMMUNICATIONS

[Article by A. V. Andrianov, Leningrad, pp 9-12]

A study is made of the data transmission network (DT) with packet switching (PS),
in which the traffic is controlled individually for each pair of interacting
subscribers in accordance with the "window" algorithm [1]. The essence of this
traffic control method consists in the fact that the sender subscriber is for-
bidden to input more than the allowed number W (the size of the "window") of uncon-
firmed packets into the network. Each packet taken out of the network is con-
firmed by the receiver subscriber. Therefore the actual maximum packet input

rate to the network is determined by the rate of removal of packets by the recelver.

Then the analytical method is used to investigate the following characteristics
of the traffic control algorithm: the distribution of the length of the packet
queue at the network output (in the queue before the output subscriber line) and
the effective rate R of data transmission between the two subscribers. The inves-
tigation is performed for the case where nLl of the packet transmission times --—
over the subscriber lines and over the uetwork -- are random variables.

Let a multipacket communication be transmitted between two subscribers connected
to the PS metwork. The law of arrival of packets from the APinp and also the
process of servicing the packets in the line to the APyt are assumed to be
Poisson with intensities of ) and up, respectively. The packet delay or confirma-
tion time in the network is assumed to be distributed with respect to an arbitrary
law with mean values of t.; and t.7, respectively.

The packet transmission process over a logical connection, considering control is
simulated by a three-phase queueing system.

The first phase —- a W-line queueing system without a queue -~ simulates the trans-
mission process of data packets of the investigated logical comnection over the
network. The equipment busy time corresponds to the random packet delay time in
the network.

The second phase simulates waiting of the packets in the queue and transmission
over the output subscriber line. The second phase is a single-line queueing sys-
tem with limited queue. The third phase simulates the process of transmitting
return confirmations over the network. Its structure is analogous to the struc-
ture of the first phase.
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The restriction imposed by the traffic control algorithm consists in the fact that
the total number i+j+k of packets and confirmations in all three service phases
cannot be greater than W. For equality of i+j+k=W, the input traffic halts.

If we denote the steady probabilities of states Pj4, where there are i, j and k
packets in phases I, II and III, then the system o% equations relating Pijk under
the conditions i+j+k<W, u1=l/tcl, u3=1/tcz, is written as follows:
(l.ﬂ.jﬁ theT “P’)pijig (t? i)ﬁépij.bi *Api-l.j,k + (1)
O Pit o, 4 PaP g et

For limiting states in which i+j+k=W or any of the indices equal to 0, obvious
simplifications are introduced into equation (1).

The solution of the system of equations (1) has the form

_91‘91‘ N p 2)
"t— L] t[ ooo °*

where pl=ktcl, °3=ltc2’ 02=A/u2, and the probability POOO is determined from the
normalization condition

=1,
ZPy (3
From (2) and (3) it is easy to find that
n w-ned
W (91'9;) '{'QL (4)
pwo=1/§o nl te

Then the characteristics of interest to us can be defined. The distribution Pj of
the queue length before the output subscriber line

. Wy n
b} (94+93) (5)
pjapooo”gt' AZ_(‘) nl ‘

Expression (5) permits determination of the volume of the storage element in the
output node of the network required for organization of one or several logical
connections.

Then some results are presented from calculations by the obtained formulas.
Figure 1 shows the distributions of the number of packets at the network output
as a function of the carrying capacity of the output line for =1, W=8,
tel5tep=t 5"

From the graphs it is obvious that significant queues of packets can accumulate

at the network output not only for 0,>1, dbut also in the case of close input and
output rates (pjp=1).

10
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Figure 1 Figure 2

Figure 2 shows the mathematical expectation m of the number of packets j at the
network output and the quantile X3.95 of the distribution P. as a function of
. J
- Uz()\=l, w=8, tC=5)'

For illustration of the influence of the parameter W on the efficiency of the
control algorithm Figure 3 shows the coefficient R=uy(1-P.)/min(A, up) as a func-
_ tion of the window size W for X=1, t =5 and different uy. The relative effective
rate R as a function of np is shown in Figure 4.

It is obvious that the function R(uz) has an extremal nature. The least value of
R and, consequently, the greatest losses in speed, as the graphs show, are obtained
for u2=k(p2=l). The minimum value of Rmin decreases with an increase in the net-

work delay.
R -
=42 I
Z /“ =
46 z
45
qe
4 as; L L
! 2
}l:
I\ L L 1
aJ b4 4 12 16 W
Figure 3 Figure 4
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ESTIMATING THE EFFICIENCY OF A MODEL OF THE GAME METHOD OF DYNAMIC CONTROL OF A
COMMUNICATIONS NETWORK

[Article by P. V. Bershteyn and P. I. Kozhemyakin, Kiev, pp 12-15]

A study is made of a network with channel switching in which the intensity of the
individual items is insignificant by comparison with the total load serviced by
each branch, and therefore the distributed load of the k-th item in practice has
no influence on the losses in the branches and, comsequently, on the paths by
which it is serviced.

A comparative estimate of the application of dynamic control in the above-investi-
gated network using a game automaton of the D type [1] and a version of it [2] is
presented in this paper.

Let the flow of the k-th item from some node j be able to be directed over ur: of
the n allowed paths, each of which is characterized by a value of qy (i=1, 2,...,n)
called the probability of arriving, that is, q4=1-py, where p; is the probability
of failure along the path uj. In this case the probability o% establishing connec-
tion of the calls of the k-th item will be determined by the value of qk of the
selected path. If the calls are distributed with respect to all possible paths

- using the automaton D, the probability of directing the incoming call to the i-th

- path will be proportional to qj. Consequently, the probability of getting through
for the calls of the k-th flow using distribution by the algorithm of the automa-
ton D will be:

-0 Q3. = co T T2
JANE %q;q” %1‘3 Qep (0

Key: 1. mean

where: Onp=§;?_?;°n-
L

Key: 1. mean

The gain by comparison with using one path will be:

) : 6. (2)
5D=QD‘Qu=Q®_Q:*Zq‘=A *qi'
f (1) ce

Key: 1. mean
12
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If Aq is distributed with respect to a law with probability demsity p=£(2q),
the mathematical expectation of gain

- 4G max 5; 6‘
3= 49+ 22 (1) d (a9)= 32 )
89 min P (1) ep ‘
Key: 1. mean

_ The percentage of failures (losses) is a normalized parameter. It is known that
such parameters are distributed most frequently with respect to a normal law [3].
Since Aq is a linear function of p, also 4Aq is distributed by a normal law with
dispersion o2 and mathematical expectation Aq=0. 1In this case the probability
that B>0 can be defined by the formula:

6
P(Bp>0) =051+ (L), (4)

For estimation of the values obtained, it is possible to assume with acceptable
accuracy for practice that:

Ymaz~Fmin 41,
bg=—— = ¢~ (5)

On a well-operating network h=(2 to 3)'10"2 and qmean=l'10'2; then

5. 290 55 0
Bo —ELS'T x 2,5.1070 . 0,0025%,

P(By> 0) = 0,552.

It is interesting that even for qmax"qmin=1 and qmean=0'5
BD=5.6Z for P(BD>0)=0.566.

It must be noted that when using automata D, almost uniform load distribution with
respect to the allowed paths (q; are almost identical for them) is achieved by
the above~described algorithm, although the gain is small.

In order to increase the gain, it is possible to propose an algorithm analogous

- to the one investigated above except that the call is directed to one of the
possible paths with probability proportional to Y479 0. Here asq .. is a
constant. In this case

~ 6« 6
GVDn=§ )n;( . )C}L:q:,P"' 'i.d. )
G0 @) e

Key: 1. mean

As is obvious from (6), Apy increases with an increase in a.

13
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For 1=q in the path with a value of 9i=q,;, does not participate in servicing the
calls o?lthe k-th item. Successively increasing a, we arrive at the type M
automaton in which the incoming call is directed to the path with the value
9i=qpax* Ihen

- B = - .
. 1=9 max 9« )
The mathematical expectation of gain will be
- - q"QTE
] BH=J (ormm'Qt)r(q)dQ“Qn\a:c"Qcp- (8)
Q min

- In order to obtain a normal probability distribution law for failures with respect
to different paths with qmax-qmin=h’ for the above-investigated conditions:

g, = E‘t ~ (1to1,5)4,

hence

Thus, in channel switching networks with quasisteady probability of losses on
the branches, (that is, not depending in practice on the distributed item) the
game method of dynamic control using the algorithm of the automaton M turns out
to be more effective than automaton D.

The gain from using the automaton M is proportional to the dispersion range of

the probabilities of getting through (qi) along the paths, and for the automaton D,
the dispersion of this value. However, with sufficiently high probability (no

less than 0.43) the use of automaton D in the above-investigated form also has

a negative effect on the service quality.
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ESTIMATING THE RELIABILITY OF COMMUNICATIONS NETWORKS WITH NONIDEAL CONTROL
[Article by V. A. Bogatyrev, Yu. M. Martynov, Moscow, pp 15-18]

By communications network reliability we mean the probability of the presence of
at least one properly operating allowable path between 2 given pair of junctioms.

- We shall consider that in a communications network with ideal control all possible
paths between each pair of junctions are permissible.

In networks with nonideal control situations exist where there is a path through
the operating network elements, but it cannot be used for information transmission
as a result of absence of information at each communications center on the state
of all of the network elements, inaccessibility of individual areas or communica-
tion channels for the given data transmission routing, and so on.

Let us propose that as a result of analyzing a specific control method, all of the

allowable paths Wi, Ugs «e+» Ho between each of the given pairs of centers can be
enumerated. Each path is given by listing the network elements entering into it:
J‘;:{(l.b... £} .

The path elements can be communication lines and centers. The probability of the
existence of each k-th path element is known and equal to py. Failures of the
communication network elements will be considered independent events. The relia-
bility of the i~th path will be

R.=Pafb- PL. (1)
If the given set of permissible information transmission naths consists of inde~

pendent paths {kg, Hes «ves uz}, the reliability H of the corresponding informa-
tion routing can be defined by the known parallel connection formula

H=4-(4-R){(1-R¢)... (1-Ry). (2)

In the general case, however, different paths can contain common elements, and
therefore the failures of these paths will be correlated. In reference [1] it
is demonstrated that the formula (2) can also be used in the general case, but
when the parentheses are removed it is necessary to use the rule

15
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P.PL‘ .. (3)

- The necessity for following rule (3) forces the calculations to be performed

) by formula (2) in general (literal) form; here multiplication by each next
binomial doubles the number of terms in the general expression for H so that in
the presence of N paths the number of terms in the general formula can reach 28,

A method is proposed for significant reduction of the volume of calculations by
formula (2) by using a number of simplifying procedures and relations following
from (3). Let us denote the multiplication operation subject to rule (3) by the
symbol (*). Let us introduce the unreliability index of the i-th element
pi=l-p;. It is easy to see that

Papi=p * (FP)=Pi- P2 P=pm R = 0. ()
Analogously, it is easy to check the correctness of the following expressions:
PLvPL=P, )

1‘PaPB‘Pa§$'§a.

For illustration of the sequence of the calculatioms by the proposed method let
us consider a simple communication network consisting of eight elements:

a, b, c, d, e, £, g, h. Let the control algorithm permit use of only the follow-
ing paths, the number of elements in which will not exceed three

Px‘{a-Q}f,=[ad}$P,‘{&!];Pg=[aﬂ,d}gps={O.A.d}.

We shall perform the calculation with respect to the probability Q of unconnected-
ness of the network Q=1-H by the recurrent formula following from (2):

Q=0 ¢ »(1-R)=Q4-1"Rtw Qg3 Qu=1, (6)
Inasmuch as the first three paths in the investigated example are independent
(and in the general case the independent paths must first be isolated and put in
the first places in the list of paths), for Q3 according to (2), we have (in

order_to abbreviate the notation we shall arbitrarily stipulate that pa=2a,
1-py=a, l=papp=ab, and so on)

Q,=ab cd ef .
Now let us define Q4 using expression (6):
Q,=0Q,-aqd * (3Bcd 6]) =Q,-agd b &].

According to rule (3) the repeated elements are dropped when the parentheses
are removed.

16
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Analogously, for Q5 we obtaln
Qg=Qy-ehd» Qu=ak cd a]-agd BE of - ehd(@béf -0qBa f).

In the example of the expression for Qg it is possible to formulate the following
general algorithm for calculating the probability of disconnectedness of the net-
work by the proposed method. First, the probability of the absence of all indepen-
dent paths is described by the parallel connection formula, then the probability

of the existence of the next path in the list is written with a minus sign multi-
plied by the preceding notation in which only the probability of the existence

of all elements entering into the last path are omitted; then the probability of
the existence of the next path is written with the minus sign multiplied by the
entire previously obtained expression in which the elements entering into the

last path are omitted, and so on.

Let a sixth path of four elements u6={a, g, h, f} also be permissible in addition
to the listed ones.

Using the presentod algorithm and the expression for Qc, we obtain the following
formula for calculating the network reliability with six allowed paths

I Q.=0s-aqhf(bcd & -dBéa).

!

When calculating the expression for Qg we used the fact that fxf=0. The cofactor
in parentheses, according to (5) permits further simplification

fcdé-dBéé =b& (cd-dé)=bad .

Thus, for Qg we finally have:
0,=abcd ef-aqd bie]- ehdt [ (ab -agf)-bedagh!.

Let us note that when calculating by the generally accepted procedure the
expression for Qg would contain 29=64 terms.
For demonmstration of the possibilities of the proposed procedure let us calculate
the increment AH of the reliability which takes place 1f we permit the use of
another path ny={e, h, g, bl.
Comparing R;=ehgb term by term with the expression for Qg we obtain the addition
from the first term equal to ehgbacdf, and the addition from the third term equal
to ehgbdcfa; the remaining addition terms are not given according to rule (4).
Thus, the desired increment will be

aH,~ehqb@cd f-deJa)=ehgqbaf d.

Thus, if the reliabi%ity of each element is 0.9, then the increment will be
0.9%4(1-0.9)3=6.5-107".
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Estimates of this type can be useful when determining the expediency of compli-
cating the communication network control algorithms accompanied by expansion of
the subset of allowable information transmission paths. For estimation of the
reliability of real communications networks, the discussed method was programmed
on a computer; the entire logical part of the calculations are performed using

- the built-in boolean functions on the rows of bits position-wise representing
elements of the communications network., The calculation of the reliability of a
two-pole network with three allowable information transmission paths on the
YeS-1020 computer takes several minutes of machine time.
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ANALYSIS AND SHORT-TERM FORECASTING OF TELEPHONE TRAFFIC

[Article by R. P. Borisova, T. D. Zelentsova and A, P. Pshenichnikov, Moscow,
pp 18-21]

For the dynamic design of city telephone exchanges (GIS) one of the labor-
intensive problems is predicting the telephone traffic for newly built automatic
telephone offices (ATS) and predicting the traffic variation om all the existing
commmication lines as a result of a change in capacity and structure of the
network. Forecasting is realized on the basis of observing the traffic on the
existing network and it consists in developing quality characteristics (descrip-
tion of the observed and expected development trends) and quantitative (point or
interval) estimates.

The traffic intensity is a random variable, but in addition to the random fluc-
tuations there are stable trends in the variation of the average values of the
load intensity with development of the network. The average load intensity from
one group of sources to another does not remain constant with development of the
network even if the capacities of these groups do not change. Traffic redistribu-
tion occurs, but, as observations show, this process has high inertia. The inertia
can be explained obviously by the effect of a large number of factors having
opposite influence on the investigated process. Under these conditions, from

the large number of existing forecasting methods [1, 2], it appears natural to

use statistical methods for predicting telephone traffic load.

The statistical forecasting process consists of two steps [3]. The first step is
analvsis of the data for the observation period and the period of conmstruction of
the statistical model. The construction of the model includes the selection and
substantiation of the form of the equation describing the dynamics of the process
(its determined base) and estimation of the parameters of the equation. In the
second step, on the basis of the statistical laws found, the expected value of
the predicted attribute is defined.

The traffic was analvzed for a five-year period beginning in 1970 to 1974 at more
than 100 ATS and 2000 interjunction communication lines of the Moscow GTS.

During the investigated time period, a unique seven—-digit subscriber numbering
system was used on the network. One, two, three and four-million numbering zones
were organized. A study was made of the traffic intensities occurring at the
ATS, the intraoffice, intrajunction, on the routings from the ATS to the outgoing
message junctions (UIS), from the UIS to the incomi.g message junctions (uvs),
and from the UVS to the ATS.
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The stability of the increase in capacity of the Moscow GIS on the level of
130,000 to 140,000 numbers per year, invariability of the macrostructure of the
network during the observation period made it possible to use a very simple
linear relation to describe the deterministic basis for the process and load var-
iation in time. The equation parameters were found by the least squares method.

For studyingthe effect of the capacity of individual groups of subscribers on the
traffic flows, the reduced capacities of the ATS were calculated

Nred = Npu ; Ni(yi/ynu)’
i

where N, is the number of residence telephonmes for private use; N; is the
number of sources of the i-th category included in the ATS; y; is the average
intensity of the individual load of the sources of the i-th category: Ynu is

average intensity of the specific load of the private residence subscribers.

Let us briefly enumerate the basic results of analyzing the load on different
communication lines for the investigated observation period.

The intensity of the load occurring on the ATS is Yj. The all-office peak

load hour (PLH) depends on the structural composition ¢ the ATS sub-
scribers. For ATS with a proportion of private residence telephones in the reduced
capacity of the ATS, for more than 50% the PLH falls in the evening hours and
and less than 40% in the morning. For the majority of the
investigated ATS the ratio of the intensity of the load occurring on the ATS in
the PLH to the reduced capacity of the ATS Y. /N ed i had a trend toward insignif-
icant growth. The increase in the specific 1035 averaged over all of the ATS of
the first million numbering zone was 0.5% per year, and the second million zone,
1.2% per year. .

The intensity of the intrajunction load -- the total load from the ATS with re-
spect to all ATS of the junction region I, including the ATSj - is Y;7- Analysis
of the variation in time of the proportion of the intrajunction load in the load
occurring at the ATS Yi1/Y; demonstrated that this ratio had a tendency toward
reduction, and for the ATS of the first million numbering zone the reduction on
the average was 1.7%, and for the ATS of the second million zone, 0.4% per year.

a2 relation was discovered between the proportions of the intrajunction load in
the load occurring at the ATS and the specific weight of the capacity of the region
in the total capacity of the network.

The intensity of the intraoffice load of the ATS; is Y4;. Analysis of the varia-
tion in time of the proportion of the intraoffice load in the intrajunction load
Yii/Y' demonstrated that the magnitude of this ratio increased on the average

by 1.%% per year.

The intensities of the interoffice traffic flows (from ATS; to ATS; of one junc-
tion region) is Yji. A deterministic basis was discovered for the statistical
dependence of the Tatio of the traffic intensity in the PLH from the ATS; to the

ATS. to the intrajunction load of the ATS; om the specific weight of the capacity
of lhe ATS in the capacity of the junction region I, Yij/YiI=f(Nred i/Nred I)'
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The intensities of the load on the ATS-UIS; lines are Yy (k=1,2,3,4). Analysis
of the dynamics of this load made it possible to trace the process of traffic
redistribution with development of the network, In 5 years the capacities of the
million numbering zones increased as follows: the first million by 1.1l times,
the second million by 1.18 times, the third million by 3.53 times and the fourth,
by 3.42 times. Here the specific weight of the capacity of the first and second
numpering zones in the total capacity of the network decreased, and the third and
fourth zones, increased. The specific weight of the traffic intensity from the
ATS; to the UIS-1 and UIS-2 in the occurring load of the ATS; with development of
the network decreased, and to the UIS-3 and UIS-4, increased. The traffic redis-
tribution process at the Moscow GTS was also observed earlier, for example, during
the 1953-1963 period [4]. Considering that the development rates of individual
mlllion numbering zones do not remain constant in time, for prediction of the load
in the ATS-UIS directioms, it is proposed that the dependence of the ratio Yik/¥y
on the specific weight of the capacity of the zone k in the network capacity be
used.

Intensities of Interjunction Traffic Flows (from UIS to UvsS). The study of the
dynamics of these loads for 2000 interjunctiom routes demons trated that their mag-
nitude is influenced not only by the capacities of the junction regions and net-
work capacity, but also the uniform gravitation factor. Thus, under other equal
conditions, the load intensities to adjacent junction regions are greater than
to remote ones.

Load Tntensities on the UVS-ATS Routings. The specific loads incoming from
the UVS to the ATS had a tendency towara growth for the majority of routings,
and for the ATS of the first million numbering zonme the increase was 1.05% per
year, and for the second zone, 0.25% per year.

For short-term traffic forecasting in the majority of cases it is justifiable to
assume invariability of the model both ia the observation section and in the fore-
casting section. Under this assumption the determination of the expected loads
was realized by extrapolation of the deterministic basis for the observed process.
In order to obtain the interval forecast®, cthe forecasting confidence tntervals were
calculated. It is necessary to solve the problem of short-term traffic forecast-
ing annually; therefore all of the forecasting calculations are performed by
computer.

BIBLIOGRAPHY

1. Yanch, E. PROGNOZIROVANIYE NAUCHNO-TEKHNICHESKOGO PROGRESSA [Forecasting
Scientific and Technical Progress], translated from the English, Moscow,
Progress, 1974,

2. Lisichkin, V. A. TEORIYA I PRAKTIKA PROGNOSTIKI [Theory and Practice of
Forecasting], Moscow, Nauka, 1972.

3, Chetyrkin, Ye. M. STATISTICHESKIYE METODY PROGNOZIROVANIYA [Statistical
Forecasting Methods ], Moscow, Statistika, 1977.

4, Maksimov, G. Z.3 Pshenichnikov, A. P. TELEFONNAYA NAGRUZKA MESTNYKH SETEY
§yYAZI [Telephone Traffic On Local CommunicatiomsNetworks], Moscow, Svyaz',
1969,

21
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000500030035-5



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000500030035-5

FUR UNriCIAL oG vivus

REAL TIME DISPATCHER FOR A PROGRAMMED SUBSCRIBER'S STATION

[Article by Yu. F. Gal', V. I. Golovach, V. M. Sobol', Ye. G. Stalin, Moscow,
pp 21-24]

The creation of prospective programmed subscriber's stations (AP) with a wide
spectrum of functional capabilities is connected with the development of software
to control the AP resources., The most important operating, reliability and
cost characteristics of AP depend on the choice of methods of designing the AP
software. Let us note that these characteristics have a significant influence on
the efficiency of the corresponding data transmission system as a whole.

A method of developing AP software using the UZOR (real-time operations systems
assignments control) dispatcher is discussed. Brief consideration is given to
the problems connected with implementation of this dispatcher on mini and micro-
computers ‘and the specific nature of its application in AP,

The AP that we are taiking about is part of communications systems providing two-
way "terminal-terminal” communications in the interests of remote subscribers.

The activity of remote subscribers is manifested at the input of the AP as an
integral load. In order not to reduce the operating efficiency of the network,
the AP reaction must lead the message arrival rate over the communication channels.
Consequently, the software-hardware system of the AP must satisfy defined time
restrictions; in other words, the operation of the communications AP takes place
in real time. On the basis of this specific nature, for programming the AP assign-
ments means are required with the use of which the exchange procedures with the
message processing problems or operator activity of the investigated AP are
synchronized. The UZOR dispatcher also permits programming of multifunctional

AP problems. The UZOR dispatcher is the "frame" of the AP program system, and

the functional components of the software of the investigated AP are based on

this dispatcher.

The dispatcher controls the following AP resources: the operating time of the
central computer processor; the ready-access memory of the computer; interrupts
from peripheral devices (for example, communication lines, information storage
and display devices).

The programs making up the dispatcher correspond to macroinstructions. From the

point of view of the AP software developer, these macroinstructions expand the
usual set of instructions of the mini or microcomputer making up the AP, permitting
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algorithms to be written, individual parts of which are executed in parallel in
real time and asynchronously. These parallel parts of the algorithm are called
processes. The presence of processes is a characteristic feature of the operation
of AP in which several information reception and dispatching problems can be
solved simultaneously.

The number of such parallel-solved problems can vary during operation of the

AP; therefore the dispatcher has means of assigning dynamic processes which appear
for execution of a defined problem and disappear after this problem has been
solved. The possibility of assigning dynamic processes makes it possible to use
the computer memory which is part of the AP especially efficiently, for on com~
pletion of the dynamic process the memory allocated for solution of the problem
becomes free and can be used to solve other problems.

Not all of the problems solved by the AP have identical importance. For consid-
eration of the relative importance of simultaneously solved problems at the time
of appearance (generation) of each process its characteristic, called its priority,
is assigned.

In the computer the processes must have the possibility of becoming synchronized
with one another at certain points in time. In other words, the programmer must
know how to give events occurring in certain processes simultaneously. Usually
at such "meeting points" one of the synchronizing processes ('the sender') trans-
mits the conditional information to the other (''the receiver"). Each of these
meeting points corresponds to a signal. The nomenclature and number of signals
are selected by the developer of the AP software himself.

Very frequently the expected event consists in the execution of a defined problem.
Synchronization with the event consisting in completing the dynamic process can
be realized by using the cooperation operator provided for this purpose. The
cooperation operator is also convenient for "early" curtailment of certain pro-
cesses required, for example, in the case of AP operationm.

The processing of interrupts from the peripheral devices of the AP is carried out
using the interrupt waiting macroinstruction. The characteristic features of the
interrupt waiting instruction permit a group of like peripheral devices to be
programmed (for example, several alphanumeric displays can be serviced by several
processes executing the same program segment).

The UZOR dispatcher also includes special devices that simplify checkout of the

AP software in real time. The programmer can set conditioms under which emergency
situations arise -- disturbances in the operation of the system of implemented
processes fixed by the dispatcher himself and capable of leading to failures in
the operation of the AP. There is also a possibility of defining reactions to
emergency situations which permits the consequences of the Failures to be recti-
fied.

The following characteristics of the UZOR dispatcher are noted:
The dispatcher instructions are machine-independent; thus, the dispatcher can be
exczuted on a wide range of computers;
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It is especially efficient to implement a dispatcher based on single-processor
mini and microcomputers with limited ready-access memory size;

The dispatcher is independent of the peripheral devices; the required drivers
(input-output processes) must be programmed by the AP developer himself.

At the present time the UZOR dispatcher is implemented on the SM-3 minicomputer
and the "Elektronika-60" microcomputer. The total volume of the dispatcher is
less than 2 K of 16-bit words. The software for the specific AP was written
using the MAKRO-II microassembler and the macrolibrary corresponding to the dis-
patcher instructions and operators.

The experimental operation of the UZOR dispatcher demonstrated the following:

The expenditures of labor on the development and checkout of the software were
reduced sharply;

The AP software developed using the dispatcher satisfies the requirements of the
given speed of the reaction to events in the external environment (requests to
receive and transmit data) and restrictions on the size of the ready-access
memory used;

The AP software developed using the dispatcher has a clear, flexible, simple
structure which permits easy adaptation, accompaniment and modification.

(3]
=~
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ANALYTICAL AND STATISTICAL SIMULATION OF THE TELEPHONE OPERATION SYSTEM OF AN
ELECTRONIC SWITCHING CENTER

[Article by B. S. Gol'dshteyn, Leningrad, pp 24-28]

The telephone operation system (TOS) is one of the most important software com-
ponents of the switching center, and it is an ordered set of software organizing
the computing process in real time, that is, at the natural rate of operation of
the switching center and the telephone periphery and providing control of all of
the resources of the control computer (EUM) .

The telephone operation system is divided into the nucleus and periphery. The
nucleus of the TOS is the priority queueing system which is the dispatching
mechanism of each specific version of the operation system and is based on a
two-dimensional strategy with absolute-relative priorities. Thus, let N flows of
requests to include N programs exist to which N priorities are placed in correspon-
dence. Let these priorities be distributed in some way with respect to K levels.
On each level k (k=1,2,...,K) there are M, priorities, the requests of which do

not interrupt one another. Thus, it is possible to write a priority inthe form

of a pair of numbers (k, m). On the k level there will be (k, 1), (k, 2)...,(k, m),
ceey (ky uk) such pairs. Obviously, .
7 -

m}ﬂ N.

In this system the request z(k,m) for a call for calculation of the priority
program (k,m) can be either in the waiting phase /4/, or in the servicing phase

/</:

Then the rule for calling the priority program (k,m) implementing the investigated
strategy with absolutely relative priorities can be described using the following
logical expression:

oMy — koehm-y
(,(a.m)w&.m)&[(j‘ Q z@plall, 0, Flop oo 1

where
M, for i<a;

y(o.b) = { b » for i=a.
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Expression (1) is understood as follows. The event m(k,m) consisting in calling
the functional priority program (k,m) takes place when and only when there is a
request to start this program, requeststo start higher priority programs are
absent, and a higher priority program or lower relative priority program, but of
the same absolute priority, is not working.

For construction of an analytical model of the TOS [1], the following basic assump-
tions are introduced:

The input flow of priority requests (k,m) is Poisson with the parameter A(k,m);

The flows of requests of different priorities are independent, and, consequently,
the total flow is Poisson with the parameter

X M
Z‘_%A(hj);

The operating timesof the functional programs servicing the requests of different
priorities are independent random variables with distribution functions Bk,m(t)’
first moments b(k,m) and finice second moments b(z)(k,mo;

A study is made of the steady-state operating conditions of the system, that is,

X N X H; (2)
DTG -BGL = Zn)) et
it fad iad j={

The interrupts and exchange operations connected with them do not increase the
time spent by the requests in the EUM, interruption of the service program
does mot lead to loss of time already expended on servicing;

The sizes of the request queues are selected in such a way as to exclude the
possibility of loss of a request as a result of absence of places for waiting.

For the investigated strategy of priority organization of the telephone operation
system based on the so-called direct methods [2], analytical expressions are ob-
tained [3] for the average waiting time for the beginning of servicing of a
priority request (k,m):

m-{
b(k,m)-9(km) 2 8CRA)
Vm) = — gy i (3)

-2 2. 96

YRR

and the average total servicing time, that is, the time from the beginning of the
work of the service personnel to completion of the servicing of the priority
request (k,m)

& d(tm) ) k-4 n Hy
32 ZAGpbC [z 228()] Z 9k ki)
i<l ja ied j=d

_ et
W(k.m)= 9(t,m-1) Eowckm ’ “

oGt 32:; o)

-
N
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where
B(k.m), tor k=i,
fm)= - £-1 He
okn=) L [lieap (1 Z ZaG1]d 4 (apute! )
‘ Z 2 e
ied j=f
and
bO(k)
m for {a{,

(k)= L(e.;)-e(f-i)
bk 3 2, 20

for £#14. (6)

Expressions (3)-(6) permit a priori information to be obtained about the quality
indices of the functioning of the TOS and realization of the search for the

optimal strategy of the priority servicing system. Considering the labor intensive-
ness of the calculations by the proposed procedure of complex multipriority sys-
tem, special programs were written to calculate the TOS parameters in the PL/I
language [4].

However, the parameters defined by the presented expressions, just as any average
values, are not in the general case sufficiently complete characteristics of the
computation process in the EUM of the switching center, the behavior of which is

of a probability nature. Therefore the problem of finding more representative
characteristics of the TOS, such as the distribution function of the time spent by the
requests in the EUM and the queue length distribution functions for the entire set

of request flows is very urgent. Unfortunately, the definition of these functions
by analytical methods is very difficult, and results usable in practice have not
been obtained in this area. For solution of the stated problem the method of
statistical simulation nf rhe relephone operation system was selected.

In exactly the same way, the analytical methods do not permit estimation of the
operation of the TOS in the overload mode, that is, on violation of the condition
of being steady state (2). This situation is reached in the switching center
during the periods of high activity of the telephone periphery when the total
demand for EUM resources of the set of requests forming the current load of the
control computer can exceed the capability of the system. Under these conditions
the telephone operation system reveals its true indices. The TOS is studied in
the overload mode bv the statistical model.

It must also be noted that this model is free of the majority of restrictions
characteristic of the analytical method of describing TOS, and it compensates
for the difficulties in experimental determination of the probability character-
istics of the computation process during operation of the switching center in
real time.

what has been stated permits consideration of the problem of constructing a
statistical model of the telephone operation system a necessary step in the opera-
tions when designing the software for electronic switching centerS The given
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model is 4 means in the hands of the LUS developers which permits rapid and
quite accurate deep analysis of the operation system and makes it possible to
obtain a justified estimate of the strategy of organizing the computation process.

The basic thing in the statistical model of the TOS is simulation of the
interrupts and functions connected with completion of the operation of the service
program and calling another program. This permits variation of the current simu-
lation time in hops, the duration of which corresponds to the free times

of the central processor.

Evolution of the computer process consists in interchange of the phases of time spent
requests by the EUM accompanied by modifications of their dynamic parameters. For
description of the current state of the s-th request of the 2~th priority, the

EUM uses the TAB vector (s, &). The components of this vector are the current
characteristics of the state of the request: the time of initiation of the re-
quest (MOM); the operating time of the functional program servicing the given
request (TSA); the real time of servicing the request accumulated in "lots'" in the
intervals between interrupts of the service program (TSR); the time of waiting for
the beginning of operation of the service program (TWB); the time of waiting for
continuation of operation of the service program accumulated in "lots" during
interrupts (TWI).

The operating process of a telephone operation system in the model is considered

during the time period (0, 1), that is, the requests for which the initiation time
MOM>t do not reach the system and are not serviced. The value of the simulation

interval T is selected from the conditions of obtaining sufficiently representa-

tive statiscical data.

For the selected strategy of priority organization of the TOS using the model it
is possible to isolate the limits within which the parameters of the operation
graph are located so as to insure predominance of this strategy over the others.
In addition, the developed model permits assembly of additional statistical
characteristics of the telephone operation system: the average number of requests
serviced without waiting; the average number of interrupts of the functional pro-
gram servicing the requests of 2-th priority; and a number of others required to
estimate the operating quality of the TOS.

The model is written in PL/I language and is formed as a set of procedures: the
procedure for generating the operation graph CEN, the main simulating procedure
MOTOS, the procedure for processing the simulation results MINAN and FINAL. This
made it possible to create and check out 2 complex simulating system having quite
broad functional possibilities in very short time.

The investigated methods of studying the telephone operation system of the elec-
tronic switching center were used when developing a specific version of the TOS
of the time-pulse tandem communications junction.
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METHODS OF DYNAMIC DISPATCHING OF PROBLEMS IN COMPUTER NETWORKS
[Article by K. R. Guaryan, V. M. Konovalov, Moscow, pp 28-32]

Large material expenditures on the creation, operation and maintenance of computer
networks are giving rise to the necessity for improving the operating efficiency
of the computer systems within the frameworks of a united network, the creation

of methods and algorithms for operative control of the hardware, software and
information reserves of the networks.

The problem dispatching systems known at the present time, as a rule, provide for
centralized decision making in the network with respect to the processing center.
The low functional reliability of centralized dispatching systems and the
necessity for realizing traffic distribution in real time on arrival of a request
for processing are promoting the creation of decentralized dynamic dispatch sys-
tems (SDD), the development of which must be realized in the set of problems
connected with creating network operation systems.

In this article a study is made of the principles of decentralized dispatching
in which the dispatcher functions are distributed with respect to all the junc-
tions of the network. The junction SDD makes a selection of the computer when
the request arrives for processing. The flows of problems and the time for pro-
cessing them are random variables.

The methods of decentralized dvnamic dispatching are distinguished by the strategy
used in the network for gathering information on the state of the computing and
communication reserves. When implementing an information strategy Igj, in the
network, the service information (SI) is gathered in the training mode; the SI
accompanies the problems sent through the network and the calculation results.
For the strategy Igg, the trained SDD -- SDD(0) -- are proposed which operate
under conditions of a priori indeterminacy of the situation in the network, the
shortage of SI is made up by the SDD(0) in the operating process. The realiza-
tion of a developed network metering system in the network corresponds to the
information strategy Ig;. In the corresponding SDD -- SDD(I) -~ a "fast" model
of the computer network and its components is used. The efficiency index of the
functioning of the junction SDD is assumed to be the average waiting time of the
calculation results characterizing both by output capacity of the network and
the quality of servicing the users.
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The construction of mathematical models of decentralized dispatching for informa-
tion strategies Igg and Ig; 1s realized using the game-theory methods. Decen-
tralized dynamic dispatching can be represented in the form of collective behavior
of N junction SDD, each of which strives to minimize the intrinsic quality index
Ji(yl,yz,...,y ) related to the average time the user problems are in the network,
where y€Y;, i=1, N is the SDD strategy. ILnasmuch as the junction SDD have common
interests -- the effort to reduce the time expenditures on processing the problems
as a whole throughout the network -- the situation that arises is analogous to
games of N people with nonzero sum, the optimalness principle in which is the Nash
equilibrium. Each junction SDD distributes the problems coming to its own junc-
tion between the junctions Nj in its range. The SDD strategies satisfying the
Nash condition are optimal inasmuch as they lead to a stable situation in which
the SDD are in no position to decrease the time the problems spend in the net-
work by varying their own strategies.

For information strategy Igg, multi-input stochastic automata are used as the
basis for the training SDD. These automata function in random media by which we
mean the computational and communication processes occurring in the computer net-
work. The decentralized dispatching reduces to collective behavior of N automata
Ai, i=1, N in this case:

W o (D) RPN i O]
A= s Y Y0t P Ty

Here X are the input signals (nonbinary alphabet) representing the time the
individual problem is in the network w(t % S is the number of states of the
automaton, each of which corresponds to a defined computer. The output signals Y
are the number of the computer selected by the incoming problem. The output func-
tion Qa:S*Y is deterministic. The elements of the vector of state of the automa-
ton P(t) define the probability of selecting the next state of the automaton at
the next point in time. Adaptation of the SDD is achieved by varying the elements
of the vector P(t) in accordance with the Fu-MacLauren training. During the
interaction of the junction SDD, the average processing time of the problems in
the network for the SDD under the most unfavorable conditions from the point of
view of having computer resources is minimized.

For the information strategy Igy, a model of decentralized dynamic dispatching is
presented which is formalized within the framework of the differential game theory.
Proposing simulation of the computer reserves by one-line Markov queueing systems
(SNO), the dynamics of the average problem processing time in the computer net-
work are described by a differential equation of the type

TR R A WopG
We== ﬁ;W-,-—Z'. 2 (= = =

,}Z‘i 2 ‘(\rca V'\f‘ci‘i)'
A=Ay,

wnder the initial conditions W(tg)=Wy. Each SDD(I) is characterized by a set of
control elements arranged byselecting thegvalue of Yij(t)=8i-li(t); i,j=1,N on

satisfaction of the conditions Bij(t)zo, =1 Bij(t)=l. The etficiency criterion
i=1
of the junction SDD assumes the form
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where Tj; is the average time for sending the problem and the results of the
calculations between the i-th and the j-th junctions; W; is the average problem
processing time on an individual computer. The solution of the differential game
of N SDD is realized both analytically and algorithmically.

The investigated models of decentralized dispatching are used as the basis for

the dynamic load distribution algorithms operating in real time [1]. Yor
estimation and forecasting of the dynamic characteristics of the computers in the
dispatching algorithms, procedures for determining the average waiting time in the
queue Wq and average time the problems spend in the SMO (computer) Wg operating
under nonsteady conditions are implemented. In particular, the procedure for calcula-
tion and prediction of Wy is basad on the expression

- S WG 4
Wst)=e (e wmw].ws(ohw,o.

Prediction of Wy for any point in time consists in multiple solution of the above-
presented nonlinear differential equation under various initial conditions for
the junctions in the range of the SDD.

On transition from the Markov models of computers to systems of the M/G/1 type
the basic characteristic of the state of the computer by which the control strat-
egy is formed in the SDD is uncompleted operation of U(t) during the calculation
of which the reliability of the user information about the processing time of the
problem in the computer and the actual time for fulfillment of the problem are
considered. For priority queueing (computer)systems U(t) is determined by cal-
culating the busy interval.

Inasmuch as the network computers function, as a rule, under conditions of varia-
tion of intensity of the problem flows, the efficiency of the SDD(I) depends on
the time of gathering information about the state of the network reserves. For
Markov nature of variation of the load at the computer input, a procedure 1s pre-
sented for calculating the update period for ST on the state of the computer. The
asynchronous principle of SI exchange, the period of which is selected directlv
in the network junction, is economically most justified.

A comparison of the proposed dispatching methods is made on a specialized
simulation model of the computer network. During the course of the experiments
it was established that the SDD(0) and SDD(I) insure reduction of the average
time the problems are in the network bv 1.6 to 5 times by comparison with net-
works where there is no dispatching. The SDD(I) decrease the value of W by com~
parison with the SDD(0) by 9-13% on the average, but they require transmissions
approximately 3 times greater than the volume of SI.
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In order Lo tmprove the effect ot dlspatching, the range of the SDD must be
1imited. For SDD(0) the number of available computers must not exceed Ny=5-6.

A comparative analysis of SDD(0) and SDD(I) with respect to efficiency and complex-
ity of realization demonstrated that the range of application of SDD(0) can be
networks with limited gathering of SI, random load surges and the necessity for
rapid selection of the computer, above all, the network based on mini and micro-
computers. The SDD(I) insure higher quality of dispatching in the presence in

the network of a network metering service which is characteristic for networks of
medium and large computers.
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METHODS OF INSURING OPERATING STABILITY OF A MESSAGE SWITCHING NETWORK

[Article by I. M. Gurevich, V. K. Demin, V. M. Chentsov and S. Ya. Shorgin,
Moscow, pp 32-38]

Let G(V,U) be a message switching network; let V be a set of switching centers
of the network (for identification of the network subscribers with the network
centers); let U be the set of network communication lines, [V|=n, | U] =m;
A=|]2;;]] be the matrix of the load presented for servicing where A(ij) is the
intensity of the flow of messages requiring transmission from junction i to
junction j; 1,j€V and cij is the cost of one message of the flow A(ij).

2
Let Vp be the set of corresponding pairs (1,3), 1,36V and Vo=U Vi; Vic¥y;

(V;V.=p; i#j; i,j=1,% is the breakdown of V, into priority clasdes with respect
to cgst of the messages.

- We shall characterize the quality of servicing the network subscribers by norms
for maximum admissible delays T in transmission of messages of given classes

- of priorities and the corresponalng loss norms ﬁi of the transmitted messages
where k=1,¢. Let us isolate the two causes of 1ogses of messages: losses of
messages at the network entrance as a result of limiting the load admitted to
the network and loss of a message (1j) inside the network from limiting the
buffered memory of the network junctioms.

Let us propose that the channel capacities of the initial network G and the
message flow distribution rule with respect to G are such that for ‘V(i,j),K
TijsTij and message losses are absent.

We shall consider that the message switching network is subject to the effects
of information and structural disturbances, assuming that the information dis-

. . . T ) ) * . . %
turbance (&) is estimated by the value of ((ij)evk E=1ak(\ij /le)) 100%, where

Vg /\1. is the relative increase in the flow intensity Aij and 1 1s aweight
coe%ficlent. The structural disturbance e(s) is the vector (nl, ) *100%, where
np,m are the relative proportions of failed communication centers and lines of
t&e network, respectively.

Let:

T%i(s(A)), i?-(e(A)) be the magnitude of the delay, the delay norm for the
information dlsturbance ¢(A) for the k-th class of messages;
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Tli‘ (c(s)), TK (e(s)) be the magnitude of the delay, the delay norm for the
stfuctural d ;tutbance :(s) for the k-th class of messages;

Wli‘.(s(l\)), #% (e(A)) be the magnitude of the losses, the loss norm for the
information Hsturbance ¢()) for the k-th class of messages;

"li( (e(s)), ﬁli (e(s)) be the magnitude of the losses, the loss norm for the
st'}uctural dléturbance €{(s) for the k-th message class;

(%, (e (M), %E (e(s)), ﬁkj(e(!\)). ﬁl;-(E(s)) be some piecewise-constant functions;
{6T"be a class™of networfi control procedures. :

We shall consider that the communications system <G,{6}> is stable with respect to
information disturbances if for Ve*(A)2e(4)20, where e*(A) is the given
maximum information disturbance, E{8;}<{3} such that

T4 € T (ew)
T (6(A) ¢ T, ey,

and the system is stable with respect to structural disturbances if for
Ye*(s)2e(s)20 E{ej}c{s}, where e*(s) is the given maximum structural disturbance
such that

To ((s) ¢ Ty (609)),
T (eGH$T (e

In the general case stability can be insured by two means.

A priori Method, Here the problem of insuring stability is formulated as the
problem of selecting the structure of the initial network, its channel capacities
and information distribution rules such that any admissible information and
structural disturbances do not take the quality of servicing beyond the limits of
the given norms.

For consideration of possible information disturbances the channel capacities
(cys u€U) of the network communication lines are calculated by the matrix
ax=||\#,]1. As for consideration of the structural disturbances, under the
assumpt%on of failures of only the communications lines it is expedient to use
the following method of constructing a stable network. Let e*(s) determine the
maximum number mj<m of possible allocatable communication lines, {M} be the set
of side sections of the graph G of the network, {M}q, My, oevs {M}p,-1 be the
ordering of the set of sections such that § ((M)C{M};)=1 where §(M) is the
power of the section M. Let us consider the series (M}, Mgy «vvs {M}y; and
a heuristic rule T<{M};, {Mlp, ..., {M} 1> of definition of the set

u®CU, where |U*|=r§1. Here the problem of'a priori support of stability with
structural variation of e*(s) is solved by selecting the channel capacities and
the distribution rules of the communications with respect to the network

G(V, (UND*UU'), where U' is the minimum with respect to cost [two pages of the
original Russian text missing].
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Hlere the problem of optimal distriputfon ) {n the communications network is
stated as the problem of defining Py(A) such that

min @ (Ap)= P(hPo (N).
p

In reference [2], a decentralized algorithm is presented for insuring minimum

average cost of the messages in the communications network granting the right of

predominant servicing to the priority messages of greater cost. It must be noted
B} that although the algorithm [2] is constructed for a communication network without

loss of messages, it appears entirely substantiated that in the case of equality

of sizes of the buffer memory of all network junctions the algorithm of [2] in—

sures optimalness with respect to the cost criterion considering the limited

nature of the buffer memory and message losses.

Inasmuch as the algorithm of [2] does not take into account the requirement on the
magnitude of the communications delay, the following generalization of it as a
solution of the system is natural

ZAC&" I\.;" (t) > min
L7 .h.‘ (c) 1
Z Ty $ Ty s ¢p

vee
{ LS. S . i
_ T'nm » lv ‘Z"‘ r‘—‘rv A"J (e). A i (”‘AL‘ (t)-

where 2 is the message transmission route; T, is the message delay in the line V;
\y is the average flow in the line V of the route; kij(l) is the intensity of
the flow of messages arriving at the junction i which must be transmitted to
junction j along the path ¢; J\’l.'f.(l) is the actual passed load; uy is the average
length of message in the line Vj ey is the carrying capacity of the line V;

¥ is the set of paths.

Under the assumptions of reference [3], the solution of system (1) as a problem
with linear purpose function in the piecewise linear restrictions can be found
for restriction of the mode 1;.(2) to the value of A* (&) for fixed routes 2,
simultaneous determination of the routing % and the Hstrictions J\’{j(l).

As for the algorithm [2], it is easy to see that it is easily adapted both to
the information and structural disturbances (not exceeding some defined value)
by successive recalculations of the routing tables for each pair (i,1)€V,.

From the general nature of the algorithm [2] and the algorithm described by the
system (1), it follows that the given algorithms pertain to the class of
algorithms for preventing overloads. It is possible to demonstrate that if the
magnitude of the load entering the network does not exceed some critical value,
then bv the traced degrees of loading of the communication lines the algorithm
[2] optimally selects the communications flow distribution plan. In the case of
the occurrence of structural and/or information overloads, the servicing
characteristics are calculated (the average delay and losses) for the routing
rules in accordance with the algorithm [2], and a comparison is made between
these characteristics and their given values. From optimalness of the algoritum
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[2] it follows that {{ the values of the calculated characteristics do not
cerrespond to the given service quality, then under the conditions of the given
overloads it is impossible to insure the required service quality. In this case
insurance of the required service quality for the most important messages with
respect to priorities (cost) is insured by limiting the load transmitted to the
ne twork.

Let us assume that the set V, of corresponding pairs (1,3) is broken down into
two subsets: V,=VguUV;; the messages reaching the network at the junction i and
addressed to the junctIon j for (i,j)€Vqy have priority in the sense of mandatori-
ness of the given quality of servicing of the given messages. Here the problem
arises of limiting the inflow of nonpriority messages to the network such that
under the condition of insuring the required quality of servicing of the priority
messages the total losses in the network (both from limiting the load and from
limiting the buffer memory) will be minimal.

In reference [2], an algorithm is proposed for limiting the load coming into the
network with message switching which agrees with the described optimal routing
algorithm (let us note that it is possible to limit ourselves to investigation of
the pairs (i,j)€Vy only; here the load remains fixed for the pairs (i,j)eVq).

The algorithm operates as follows. First the insurance of the given quality of
servicing the messages of class Vg in the case of absence of messages of the
class V] by using the algorithm of [2] for 3(i,3)=0 for V(i,j)Vy is checked.
In the case of guaranteeing the given service quality (otherwise introduction of
the reserve resources of the network is required), the admissible magnitude of
the additional load from messages of class V; is defined which can be serviced

- while maintaining the given servicing quality of class Vg. This maﬁ;’.tude is
determined by the following algorithm. In each step an initial ag >0 is
selected (the minimum average cost of the total load transmitted to the network
per wnit time), it is assumed that 5(1)=0, and it is proposed that c(1) is the

- total load from messages of all priorities. Let n=l. 1In the n-th step of the
algorithm, the optimal routing and load limiting algorithm is used for minimum
level ao(n). If the class Vg message servicing characteristics obtained here do
not satisfy the given values, then we set

(asl)y (M (nely {8 () (net)  (n)
¢ =q,;4a, =I(& +Q ),g =5

and we proceed to the next iteration step. If the service characteristics are
satisfactory, that is, T<T-€l, W<77~€2, where €, €, are given constants, we set

(™ (n+d) ()
) 5, C =C

’ o ?

(nely  (y _Cned) )
{,“ =a, 1Q, =Lz(:( +a

and we proceed to the next iteration step. If T-¢1<T<T, fimegl1<, then we stop
with this step, selecting ap'®/ for the true value of the minimum cost of
messages transmitted to the network.

3%

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000500030035-5



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000500030035-5

FOR OFFICIAL USE ONLY

BLBLLIOGRAPHY

Chentsov, V. M. SISTEMY RASPREDELENIYA INFORMATSII. SINTEZ STRUKTURY I
UPRAVLENIYA [Information Distribution Systems. Synthesis of Structure and
Control], Moscow, Svyaz', 1980.

Agalarov, Ya. M.; Shorgin, S. Ya. "Optimal Communications Network Comtrol
for Cost Criterion and Load Restriction," TEKHNIKA SREDSTV SVYAZI [Communica-
tions Hardware], No 3, 1979, Ser. ASU [automated control systems series].

Kleinrock, L. VYCHISLITEL'NYYE SISTEMY S OCHEREDYAMI [Computer Systems with
Queues], translated from the English, Moscow, Mir, 1979.

37

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000500030035-5



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000500030035-5

FOR OFFILCIAL USE UNLY

METHOD OF IMPROVING THE SERVICE QUALITY ON A CHANNEL SWITCHING NETWORK WITH
DYNAMIC CONTROL '

[Article by A. Ya. Dolgoselets, N. A. Knyazeva and L. A. Nikityuk, Odessa,
pp 3842}

Constant variation of message flows in the network with time leads to the fact

that noncorrespondence arises between the system of directing the flows and the
network structure and, consequently, the subscriber servicing quality is negatively
affected. The problem of restoring this correspondence can be solved by introduc-
ing dynamic traffic control in the network. In the general case with dynamic
control in the commumications network for estimation of the state of the network

or its individual parts the information is accumulated over some peried of time

and averaged. In accordance with the average values, the traffic distribution

plan in the network is varied. The variation of the distribution plan itself can
be realized by selecting the corresponding connection paths (basic and bypass).

As the criterion for estimating the traffic distribution plan from the point of
view of efficiency of the functioning of the network it is expedient to select the
quality of servicing the subscribers. In this case the plan will be considered
optimal where the minimum value of the maximum magnitude of the losses among all
pairs of corresponding subscribers is reached [1].

In the given paper a method of constructing the traffic distribution plan in the
channel switching network with explicit losses and dynamic control by the criterion
of guaranteed subscriber servicing quality is proposed. A distinguishing feature
of the proposed method is the fact that the process of forming the traffic dis-
tribution plan comsists in constructing a set of plans and selecting the best of
them in the sense of the adopted criterion. Here, the statistical network
parameters are calculated in parallel. The selected plan is used on the network
during a time interval required for obtaining the next best plan in accordance
with the information about the state of the network averaged with respect to the
time interval for obtaining the plan adopted for use. Here the guaranteed level
of quality of servicing the network subscribers in different time intervals can
assume different values depending on the magnitudes of the flows averaged with
respect to the preceding time interval.

The initial data when solving the problem of determining the traffic distribution
plan are as follows:
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1) The structure of the network represented by the connection matrix

B=||8;.|| where each branch 8, . is characterized by the capacity c;; —- the number
of staddard channels forming it -- and also the magnitude of the threshold aj j
expressed in the number of channels inaccessible for servicing the excess

(dropped from the path of first choice) load;

2) The traffic intensity between each pair of junctions averaged with respect to
some time interval T-Aij;

3) Restrictions on the choice of paths in the form of requirements on the maximum

number of tandem cormections and given order of succession on the path of the junctions
of different category.

The problem of constructing the optimal traffic distribution plan by the servicing
quality criterion is formulated as follows.

Let us find

P= min max pr.
{Hy i Mo

where i,j=1,n, n is the number of network junctions; P?. is the service quality
between the junctions i and j, which depends on the proﬂabilities of losses of
the basic and excess loads on the branches of the network and defined as the

ratio of the magnitudes of the load lost in the direction i, j and the incoming

load; {M} is the set of comstructed plans.

iy iy
the basic, excess load and the losses of the basic and excess loads averaged with
respect to k-plans on the Sij branch, respectively.

Let us introduce the following notation: p0., pY¥ Pfg(o), pip(u), the losses of

The proposed method of improving the subscriber servicing quality consists in
generating a converging series of traffic distribution plans with selection and
storage in each step of the plan characterized by improved quality, that is,
smaller values of max Pi' by comparison with the corresponding characteristic
of the stored plan. J

For solution of the indicated problem an algorithm is proposed which is the
iteration procedure of the following type.

Step 0. The initial values of the loss probabilities in the branches for the
basic and excess loads, for example, zero, are given. The iteration number k is

taken equal to zero.

Step 1. The matrices of the losses in the branches for the basic and excess loads
averaged for the number of iterations are calculated

cplay L ° cp(n) X n
Pq' (r):[go P;J (f)]/(l:‘ﬂ 'P"i (‘)"’[E-op v (2)} /(" 1),

where PO.(Q), PY (2) are the losses in the branches for the basic and excess
loads o%%ained id the 2-th iteration.
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Step 2. For each source—junction of the network, a '"tree" of the first q optimal
paths with resrect to the adopted weight parameter to all remaining junctions of
the network satisf&?ng the requirements on the path organization 1s constructed.
The values of Pig (k) and PiGP(u)(k) of the averaged loss probabilities in

the branches of %he basic and excess loads are taken as the weight parameters.
The superposition of all of the "trees" forms the next traffic distribution plan
M(k).

Step 3. The probabilities of load losses are calculated: basic Pg-(k) and
excess ng(k) on the branches of the network by the method described in [2].

Step 4. The probabilities of load losses with respect to lines for each pair of
network junctions ng(k) are calculated.

Step 5. If k=0, the obtained plan and its statistical characteristics are stored.
If k#0, the following condition is checked

ma= P () <P,

where P is the corresponding quality characteristic of the servicing of the sub-
scribers for the stored plan. If the condition is satisfied, the distribution
plan M(k) obtained in the k-th iteration together with the corresponding
statistical characteristics is stored. If the obtained and stored plans have
identical values of the servicing quality characteristic, it is necessary to
compare the probabilities of losses by lines of successive magnitude.

Step 6. The following condition is checked
max |pL: (s)-p;(;-4)1<e,
b
where ¢ is a small number given in advance. If the condition is satisfied, the
transition to step 7 is made. Otherwise the iteration number k is increased by
one, and transition is made to step 1.

Step 7. End of operation of the algorithm.

Let us demonstrate that the presented iteration process is converging. Actually,

since
ﬁcp(o)(!)-[r ﬁcpm(x_{)]/(“‘) s [ﬁ °(‘)]/(u1) -
: N A NS EN-L L Py
we obtain

1B %= P Lt s [1B 0P 7 e 1)/ (ko
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The latter expression can be made as small as one might like for sufficiently
large k. As a result of the fact that for the same structure of the network the
procedure for constructing optimal paths gives similar or coinciding plans M(k)
and M(k-1) for sufficiently close values of the average losses in the branches,
we find that_the matrices PY(k) and PU(k) are close to the corresponding matrices
PO(k-1) and PY(k-1). In the latter case with sufficiently large k the following
condition will be satisfied:

1P"(0-P (k-1 E,

where [|A|| denotes any matrix norm. From the last inequality, satisfaction of
the following inequality comes directly:
H H

max [P (k) =P (kD] <&

N J LJ

t,‘
Analogously, itis possible_to demonstrate the correctness of the corresponding
estimates for the matrices PY(k) and PCP(u)(k).

The rate of convergence of the iteration process depends on the closeness of the
elements of the matrices PSP(k) and P(k), that is, the choice of the initial
values of the loss probabilities of the basic and excess loads on the network
branches.,

The use of the loss probabilities of the basic and excess loads on the network
branches averaged for the number of iterations has a smoothing effect on the
oscillatory phenomenon of the process and, consequently, increases the conver-
gence rate.

It is obvious that the presented algorithm pertains to the class of directional
sorting algorithms for finding the local optimum. :

Programs were written for the YeS-1033 computer in PL/I language for the given
algorithm., The approximate time spent on obtaining the best plan for the network
containing on the order of 30 junctions is about 120 minutes.
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OVERLOAD PROTECTION IN CHANNEL-SWITCHED NETWORKS
[Article by V. M. Dubrovinskiy, Kiev, pp 42-45]

During operation of a network, the intensity of the incoming load to the network
can increase. If the increase in intensity exceeds the calculated version of

- the incoming traffic, the network equipment overloads. Since an equipment over-—
load has a negative effect on the quality of servicing the traffic, when design-
ing the network it is necessary to consider operation of the network with overloads.

Let us consider the diagram depicted in Figure 1.

14

JT —L] ¥
g
J 5
2
1 O— \LZ
/
_ Figure 1

In the given diagram three flows emanate from the junction 1: ¥y, Yy and Y,.
Here, the flow Y; is under the most favorable conditions, for three groupi
participate in servicing it: 1, 2 and 3. Flow Yq is under the most (sic)” favor-
able conditions. Only group 3 participates in servicing flow Yq. The number of
channels in this group is determined reckoning that the resultant losses for flow
Y4 will be equal to the given loss norm, that is, B(3)=p,(3)=p, (Here B3(3) are
the individual losses for the flow Y5 in the group 3.) %he resultant losses for
flows Y] and Y, defined by the formulas
)

BU)- b‘ Bl(‘) 63( )’ (l)

.52 8,

are found to be less than P here.

#[Translator's note: probably should be least favorablc.]
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Accordingly, with an fncrease in intensity of any flow the flow Y4 will experience

the greatest losses. The flows Y; and Y, have significant advantages in this case
(these advantages are sustained even by comparison with the network without alternative
routings where losses for all flows are taken equal to P). Thus, the problem of
increasing the stability of networks with bypasses with respect to overloads

reduces to protection of the traffic of the last choice group with an increase

in intensities of other flows.

At the present time three methods of protecting the traffic of the last choice
group are known.

1. Segregation of a separate first choice group for the given traffic (that is,
creation of the advantages characteristic of flows Y; and Y, also for flow Y3).

2. An increase in the number of channels (within the limits of economy obtained
from introducing bvpasses) in the last choice group.

3. Use of dynamic control means with restriction of the load thrown in the last
choice group.

When using the first method on routings forming last choice paths, two groups
are organized: the first choice group (N.) designed to service the route load
itself; the last choice group.

The order of throwing the load to the last choice group for the investigated
system depicted in Figure 1 is illustrated in Figure 2 for this case.

Figure 2

In the given case the resultant losses for the flow itself will be determined
by the formula B(3)=BC 83(3). Here the flow will be protected no worse than
flow Y,.

The number of channels in the third route groups in this case will be calculated
as follows. For satisfaction of the required quality of servicing the flows Yy,
Yy, and Y3 it is necessary that the losses in the last choice group 3 be selected
beginning with the following conditions following from (1):
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The third relation is always satisfied on satisfaction of the first two.

Since the nu?g r of channels in the first and second groups and, consequently,
the ratio V%/VZ(Z)m2 are found by definition of N., in this case
By3=(PV3/M; (mz( )Vz/vz(z)mz, and the number of channels N, must be selected
considering the condition
W
Yo, mi Vs,
:fc 'J(:) m;

By the known Nj, N,, N¢ and B,y it is also possible to define the number of
channels in group 3.

The investigated procedure permits insurance of almost identical servicing of

each of the flows coming into the network without introducing structural redundancy.
However, the application of this method encounters difficulties in a number of
cases which are connected with complexity of organizing a supplementary routing
between the switching offices.

The second method provides for introducing structural redundancy. For calculation
of the addition to the last choice groups the necessary initial data are as
follows:

The admissible magnitude (k) of the increase in total intensity of flows coming
into the system with a common last choice group;

The magnitude of the admissible losses (Bg) for the flow itself and the last
. choice group with an increase in intensity of any other flow.

For the given values, the addition is calculated in two steps:

The losses are determined for the flow itself under conditionms of increasing the
intensities of each of the other flows by an amount for which the total intensity
of the flows coming into the system will increase by k times, and the &-th flow
is discovered, an increase in the intensity of which causes the greatest losses
for the flow itself;

The addition to the last choice group is determined for which the losses for the
flow itself will not exceed the value of B, under conditions of increasing the

- intensity of the i-th flow to the value obtained in step I. In contrast to
procedure I for increasing the resistance of the network to overloads which only

b4
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creates identical servicing conditions for all the flows, the second procedure
permits effective protection of each flow. Thus, whereas with a simultaneous
increase in intensity of several (or all) flows the total intensity of the flows
coming into the system increases by no more than k times, the losses of each of
the flows in the general case will not exceed Bg.

The third method of protecting the flow of the last choice group itself provides
for using dynamic flow control means. At the present time many different
methods of dvnamic control have been created. One of the methods giving rise to
the greatest practical interest is the modified Granzhan me thod in which the
threshold x<N is established in the last choice group consisting of N channels.
For calls of the excess flows, the given group is considered blocked if the
number of busy channels in it q>x. The application of this method permits
efficient protection of the flow itself. However, when using it, difficulties
arise connected with selecting the effective value of the threshold taking into
account both the sizes of the groups and the situation developed in the network.

It must be noted that the effectiveness of each of the investigated methods of
increasing the resistance of the network to overloads has still not been finally
established at the present time. This arises primarily from the absence of limits
for the admissible worsening of quality of servicing of the flows with overload,
the specific statistics of the increase in flow intensity in the networks with
bypasses and also the absence of a technical-economic analysis of methods.
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PROBLEM OF CHANNEL DISTRIBUTION IN THE DIGITAL DATA TRANSMISSION NETWORK
FOR RATILROAD TRANSPORTATION

[Article by Zh. Dusembayeva, Alma-Ata, pp 45-471]

The introduction of automated control systems in railroad transportation has given
rise to the development of the existing digital data transmission network (PDI).
The number of channels of the switched network has been increased, the channel
switching means have been improved, and the volume of automatically transmitted
data has been increased.

A change has also taken place in the network structure, for the flow routings
have changed. New channel switching centers and stations having large informa-
tion exchange with the computer center for which nonswitchable channels are
required have arisen. As a result, the carrying capacity of the switchable net-
work has been enlarged, and the number of stations serviced by this network has
been increased. The information subject to transmission over the network is also
differentiated with respect to urgency.

Further development of the communications network for the automated railroad
transportation control system will take place by joint use of switchable networks
operating by the method of channel switching (KK), message switching (KS) and
packet switching (KP). Under these conditions the most important operating index
ig its reliability which can be placed in correspondence to the probability of
connectedness of the graph depicting the investigated network. In the given case
the problem of constructing the optimal network with respect to reliability is
solved by constructing a graph with a given number of apexes and sides in which
the probability of connectedness reaches the maximum value.

When designing a communications network for an automated railroad transportation
control system, another approach 1is selected: namely, the network structure is
known in general, and it is only necessary to distribute the communication channels
optimally under the condition of satisfying a previously given reliability.

For this purpose let us represent the structure of the communications network as a
fully connected nucleus, the nodes of which are the switching centers, and the
remaining nodes, which are the subscribers, connected in some way to the nodes of

this nucleus. Here it is possible to state the problem of determining the optimal
number of nodes of the nucleus.
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The probability of a random n-apex graph G,(t) is defined in reference [1], and
the probability that the random graph G(n,m) is connected is defined in [2].

In reference [3], the network is depicted by the graph G, with probability of
existence of any side equal to p.

However, in a real network another characteristic is more important: the proba-
bility of the existence of paths between arbitrarily selected junctions A and B
which corresponds to the value of Ppg(G,). Analogous characteristics (the prob-
ability that the message will get from junction A to junction B) were obtained
for the KS network -— Ppg(G.).

In the given case a study is made of an information network operating in the KS

and the KP mode, for which the probability that the message will get through P
(n,T) is defined. Then for determination of the initial assigning graph, the
existing network is analyzed, the grasitation matrix and quality characteristics

of the function of this network are found. For optimal channel distribution in the
investigated network, the assigning graoh corresponding to this network has a

curve which will be called redundant.

On this redundant curve it is possible to select one side each, obtaining the
graph of the corresponding network insuring the same information flows. Consider-
ing the cost index, the longest side of the redundant graph is excluded.
BIBLIOGRAPHY
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SWITCHING CONTROL IN RAILROAD TRANSPORTATION LONG DISTANCE TELEPHONE SERVICE
[Article by S. L. Dyufur, Yu. V. Yurkin, Leningrad, pp 47-49]

The railroad transportation long distance service network is separated
from the national network. It encompasses almost the entire territory of the
Soviet Union and corresponds to the railroad network in its configuration. The
necessity for this special network is dictated by the responsible role of rail-
roads as the primary transport system on which high requirements are imposed with
respect to insuring large volumes of freight and passenger hauling and train
traffic safety.

At the present time the development of the network is taking place in the direc-
tion of complete automation of setting up calls. Accordingly, the problem of selecting
the network structure, the method of controlling the network and optimal value

of the quality indices of the servicing of calls have important significance.

The railroad transportation communications network has the following characteris-
tic features as compared to the national long distance communications network:

The line loads are small and are within the limits of 1 to 15 erlangs;

The network operates with calls on the long distance channels with explicit losses
and repeated calling where the probability of call losses has an average value of
0.2 to 0.3. At the same time the probability of load losses is close to zero.
The study of subscriber opinions demonstrates that losses in the peak load hour
of 20% of the calls are considered to correspond to good quality of service as
a result of which no significant reduction in the probability of call losses is
planned in the long range forecasting of network development;

The network has predominantly a single-route structure, but the necessity for
increasing its viability has raised the question of broad application of alternative
routings;

The 10-step switching equipment is primarily used on the network; the crossbar
system has been partially introduced. The introduction of quasielectronic and
electronic systems is planned in the future.

In the given phase of development of the network it is expedient to use the static
control method. As the calculated loss probabilities with respect to calls are
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reduced and modern switching equipment is introduced in the network, conditions
will be created for transition to the dynamic method of network control. An
expedient number of bypass routes and the number of branches in each route are
being substantiated. :

On different network levels there are conditions of application of hierarchical
and symmetric methods of constructing the network. The limits of expediency of
each of the methods must be defined considering the costs of the channels, the
incoming loads and the probabilities of losses with respect to calls, Figure 1
shows graphical relations permitting qualitative estimation of the limits of
applicability of the symmetric and hierarchical methods of network construction.
The coefficient F is the ratio of the total cost of the channels of hierarchical
structure to the total cost of channels of a symmetric network. The argument h
is the cost of one channel of the network branches with respect to the channel
cost in a high-use group for hierarchical structure of the network. Curve 1
characterizes the case where the load coming to each branch of the network is

3 times less than the load coming to the high-use group; curve 3 is the case
where the given loads are as many times greater than the load on the high-use
channel group; curve 2 shows all of the incoming loads identical. For F>1, the
symmetric structure has the economic advantage.

For a real railroad transportation network, families of configurations were
discovered during the analysis process, and the costs of each version were deter-
mined with respect to consolidated indices 0=K+3T, where K are the capital expend-
itures, 3 are the operating expenses; T is the return time on investments. In
Figure 2 as an example we have the relative cost of each version of the network
structure (symmetric and hierarchical methods) as a function of the ratio of the
branch lengths d. The study confirms the conclusion previously drawn [1] of
expediency of application of the symmetric structure in the majority of cases on
the railroad transportation network.

The intensities of the incoming flows are determined, and by measurements over a
long period of time it was discovered that a significant increase in them with
respect to the established level has low probability. On the other hand, loads
caused by damage to part of the branch channels or complete failure of the network
branches are possible. Simulation has demonstrated that the symmetric networks
tolerate overloads connected with damage to part of the branch channels better

than the hierarchical network; in the case of total damage to a branch, the network
is in practice blocked as a result of an avalanche increase in the repeated calls.
In this case the bypasses must be forbidden.

The published research results provide a basis for assuming that in the case of
small loads and high use of the network channels, control methods with limited

waiting at the call generating point and with threshold for tandem loading will
have an advantage with respect to the strategy of servicing over direct groups.
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_ CONTROL ALGORITHMS AND CARRYING CAPACITY OF SWITCHING SYSTEMS
[Article by V. A. Yershov, Moscow, pp 49-53]

Effective estimation of the operating quality of automatic switching systems
including two functionally complex subsystems -- the control subsystem and switch-
ing subsystem itself -- is impossible without joint analysis of them and a systems
approach to the given problem. This is manifested especially clearly in prospec-
tive automatic switching systems with control based on a computer where the method
of processing the control information is determined by the call set—up

algorith on which,in turn, depends on the method of finding the connecting paths in
the system.

Let us consider the class of path selection algorithms in an arbitrary multilink
switching system (KS), which we shall define as follows. Let Gc(i) be a random
(equilj(}ggium) selection algorithm for a free segment of the path in the link i

J

and G be the ordered selection algorithm for a segment of the path in the
link j. Then ' i
G) W) .
G={Gc, Gy |yezy, i€y, 1,02, =2}, 0

where the z-set of links of KS is a path selection algorithm in KS, for which a
random choice is used in the zp-link, and ordered selection of the path segments,
in the zj-links.

The most detailed study was made of the influence of the algorithm {Gc(i) Iiéz‘/
representing the random path selection algorithm in the KS, on the carrying
capacity. The algorithm {Gy j)ljéz}, which is the ordered selection algorithm,
has been studied appreciably less in theoretical respects. The algorithms of the
more general form defined by (1), were studied only by statistical simulation of
the operation of the KS on a computer.

Let us consider the calculation of the capacity of a multilink KS when using
algorithms of the type of (1). The basis for the approximate mathematical model
igs the relations used in the separate loss method (MRP) [1]. According to the MRP,
the general loss probability with respect to calls p and its components in the KS
operating in the group finding mode (GI) are determined from the conditions:

p=Pe+ Py, ()
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K= i

where p, is the probability of losses with respect to calls as a result of
internag blocking in the KS; P, is the probability of losses with respect to calls
as a result of all of the outputs of the hunting route being busy; v is the
number of outputs on the hunting route; Y is the intensity of the serviced
load on the huntig routing; Kj is the number of switchboards of the first KS
link; w,, Wy are the load screening coefficients assumed to be equal to the
following, respectively:

re=1-Pv 3 5)

P{ui-pﬁpf' (6)
The magnitude of the effective availability d is determined from the expression:
d'(i—l)ﬂ'+]‘2Y, +1r(u-2\{1) /Xy, N

where 7 is the probability of blocking of the routing output; Y, is the load
intensity serviced by one switchboard of the first link KS; n is the proportion of

the serviced load of the first link switchboard routed on the investigated
routing.

For solution of the system of equations (2)-(7), it is necessary to know the load y
serviced bv a group of v lines, the structural parameters of the KS, the interlin%
cross—eonnection law given by the graph of the paths between the entrance and exit

and the probability w. The value of r depends on the above-indicated parameters

and also the algorithm for selecting the path segment in each link.

let us find the probability 7. TFor this purpose let us consider how the load on
the KS links is distributed during random and ordered hunting. Let us introduce the
following notation. Let Y. be the load caused by one switchboard of the link r;
y(r,2)(r+l,t) be the load serviced by one line comnecting the switchboard 2 of

link r to the switchboard ¢t of link r+l, where r=1,z-1, 2=1,ky, t=l,m,. During
random hunting in the link r we shall consider that

4,0t =Ya/me. (8)

For ordered huonting in link r, beginning with line s, the distribution y(r,2)
(r+l,t) will be given as follows. If

A=Y /(4-Emy (A2), 9)

then
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L‘(-"‘)(ZQ {'{) =A'&[Et" (Al)~t:t <A ")], (10)

where

_{6.5¢1.....m~..4,..., a-{, if. 4 #A
i'...,"‘\.i' if Q:{ .

Let W(r,2) (r+l,t) be the probability that the side R(r,%)(r+l,t) of the graph
of the paths between the entrance and exit of the system is busy. Then, if we
assume that

WOl 1ty = Yty e 1ot » (11)

then the probability graph obtained in this case determines the probablility w
for the adopted path selection algorithm.

The problem changes insignificantly if KS operates in the GI mode with several
attempts to set up a call. In this case, only the expression for the
probability py, changes. It is possible to show that for v attempts to set

up a call the probability of blocking will be:

o 1 D [(mg-do)-i
p‘,a(i\i). S n ( L ‘1-93 d ] x
(dQ) 1-2_ (], j=t A —
23y . (12)
wa,
Eoma(re )
) N, X1 '
_ Ev(m,-d,-i)(fé 1‘Pl L‘")

where Y, is the load caused by a group of n, lines; n,, m, are the number of inputs
and outputs of the switchboard of the link z: d, is the e%fective availability of
the KS for v efforts to set up a call; [x], is the probability that vn,
lines will be busy simultaneously in v switchboards of the link z.

Let us illustrate the proposed method of calculating losses in the KS in the
example of a three-link KS operating in the GI mode with ordered path finding
algorithm. The investigated KS has the following structural parameters:

ny=m;=n =m3=k =h=18, n2=m2=kl=k3 =20, n=1/18. For the ordered algorithm the
probabiEity o% blocking the output of the KS will be defined by the graph, the
probabilities of a busv on the sides of which are found from (9) to (11).
Considering the configuration of the graph (see the figure) for the probability =

we have:

™y

=T {00 W 4y 2.0 UEW )] (13)

wa
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The results of theoretical calculations of the loss probability with respect to
MRP (equations (2)-(7), (12))and the results of statistical simulation for the
ordered hunting algorithm and all links of the KS are presented in the table.
The results of the statistical simulation are taken from [21.

(2,1

/v Pugna) p_(b)

Mo

0,603 0,0II5 0,020 + 0,0024
0,702 0,0420 0,0368 + 0,0038 (1) : (32
0,735 0,0641 , 0,0642 + 0,0074 ‘
0,762 0,0922 0,0824 + 0,0066
0,785 0,1289 0,1I34 + 0,0079

(2,m)

Key:
a. MRP
b. MOD

Comparing theoretical data with the statistical simulation data, it is possible
to note good agreement of them. Some overestimation of the data obtained by the
method of separate losses can be explained by the fact that during the calculation
the fact that the calculated loads are of a smoothed nature failed to betaken into
account [1]. Good agreement of the theoretical data and the statistical simula-
tion data is also obtained in cases where the number of efforts to establish a
connection is limited to the value of v.
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PROBLEMS OF DESIGNING DEVELOPED NETWORKS OF COLLECTIVE-USE COMPUTER CENTERS
IN THE DIALOG MODE

[Article by Yu. P. Zaychenko, Kiev, pp 53-57]

Among the problems of designing netwerks of VIsKP [Collective-Use Computer
Centers] and data transmission systems, an important role is played by the prob-
lems of topologic design, as a result of which the locations of the VIsKP, con-
centrators and multiplexers must be determined, the general communications network
structure synthesized, and its characteristics defined. The long duration of the
period of creation of the VIsKP network and also the variation of a number of
initial design parameters in the time interval from development to introduction
determine the necessity for transition from traditional static network design
problems to dynamic ones.

In the dynamic problem it is necessary to find the plan for development of the
VTsKP network and determine the sequence of structures of the developed network
for which maximum effect from its use will be insured.

Dynamic Problems of Designing Centralized Networks

Let us consider the statement and mathematical model I of the dynamic problem of
designing centralized networks.

Civen: the set X={x:}, j=1,n is the subscribers of the network -- the sources of
problems; the geographic coordinates of each subscriber are {Sj,w.}; the predic-
tion of the variation in demand for information-computation operagions (Iv) 1is
h,(t), t€[t0,T], where tO.T are the times of beginning and ending operations

o% creating the network; Cproc(t' M), Cerans(t,h) are the forecasts of variation
in cost of information processing and transmission, respectively, with the course
of time; the number of steps in creating the network is Kj capital investments

are Wk allocated for creating the network in the k-th step k=1,K. It is necessary
to determine the plan for network development and find the series of structures
D1, D2, e Dk for which the following is insured:

masx .f_( Ha (Dt /D4-1) )
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under the conditions

We(Dy/De-)< W o - k-1¥, )
Key: 1. alloc o w» (1) «

) A Dk (E1), i=Ta, S
Key: 1. req

Ha(m/m.“«)-ua('m-n* 8Ha (Dy/Di-d) s “
Ho,(Dt)f ‘Z“ ’t? (D4,

where H, (D, /Dy ) is the total volume of IVR performed by the network in the k-th
step; w¢(Dk/Dk-l) are the required capital investments on converting from the
Dy_; Structure to the Dy structure; nte®d(c, ), h¥(p,) are the required and actual
automated volume of IVR of the j-th s&bscr%ber ln the k-th step, respectively,
j=1,n.

In order to solve the dynamic problem (1)-(4) a basic recurrent relation was found,
and a calculation algorithm was developed that uses dynamic programming [1].

A more general statement of the dynamic problem (model 2) is also possible, in
which the general means of creating the network Wy are given, and it is required
that they b8 distributed in the best way between the steps and the series of struc-
tures Dg, Dl’ vees Dﬁ be found for which (1) goes to the minimum under the condi-
tions

éwq(m /Dk-1)¢ Ws.

A two-level dynamic programmiry algorithm has been devel8ped for the dynamic model
2: the optimal distribution of means among the steps {Wy} is found on its upper
level, and on the lower level is the optimal distribution within the step between
the corresponding VtsKP and centralized communications networks. Thus, an embedded
dynamic programming process is used to solve dynamic problem 2.

Dynamic Problems of Centralized Network Design

In contrast to centralized VIsKP networks, distributed networks are characterized
by complexity, multiconnectedness of structure, uniqueness of paths of flow dis-—
tribution. The problems of analysis and synthesis of networks of this class are
described in terms of the "multiproduct flows."

Let us consider the dynamic model of the design of the structure of a distributed
network.

Given: the matrix of request H(k)=|lhi-(k)||, hjj(k) is the required magnitude of
information exchange among the network junctions i and j in the k-th step; Vi

is the relative cost benefit from information exchange between junctions i an& i
M(k-1) is the network structure in the (k-1)-st step which is characterized by

the presence of effective communication channels (i,3)eM(k-1), their carrying
capacities dj:(k-1) and achieved output capacity of the VIsKP --— My (k=1).
Required: to” find the matched plan for development of all VTsKP and the structure
of the intercenter SPD M(k), for which the maximum effect E from using the network
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in the k-th step is insured with a restriction on the allocated capital investments
Wi alloe+ TIhe mathematical model of this problem has the form

nos E(Ha(B)=mas Z Z ¥ b (/1 (5-1) )

under the conditions
by (B¢ R (4, (6)
Zygih (N (4, (7

elntiyfnien=2 "8, o/, (o)
T ne ivf v

(8
a.nen(k) 7-: (n({)/ﬂ(ﬁ-{)) Wy (‘51?.,

Key: 1. tramns; 2. alloc; 3. process

where Ciprocess(ﬂi(k)/ﬂ.(k—l)) are the required expenditures for increasing the
output capacity of the YTsKP to the magnitude of My (k) C%Eans(M(k)/M(k—l)) are

the expenditures on increasing the carrying capacity of the channel (r, 2);
11 is the specific labor intensiveness of handling the traffic hij'

As a result of analysis of the model (5)-(8) it was established that in contrast
to the model (1)-(4), for model (5)-(8) the condition of additiveness is not sat-
isfied. This excludes the possibility of using the method of dynamic programming.
Inasmuch as in full, the problem (5)-(8) cannot be solved strictly, the
following simplifying assumptions are introduced for its solution:

1) The principle of priority in development of the network is introduced which
means that during svnthesis of the developed network, the apnearance of only

those communication lines which must be used also in the final topology of the net-
work is permitted;

2) 1In each k-th step not all of the centers are developed, but only some subset
of them Y(k).

The method of solving the dynamic problem (5)-(8) includes two procedures.

Procedure 1 consists in determining the subset of VIs [computer centers] which
must be developed in the k-th step Y(k) and finding the traffic h;(k), transition
of which will insure the greatest effect. For this purpose, the eXponent vij/CVT
is used where v;. is the effect from transmission of the traffic hy;, cy: ig” the
sum of the expenéitures on transmission and processing of the traffic hij. Then
the perimeter expenditures Wi (k) on development of the i-th VIsKP and the value

of W(k)=; W;i(k) are determined.

i=1
Procedure 2. The remains of the means for development of the SPD are determined
- wsrans —— after which, using the values found for {(h.(k)}, we solve the prob-

lem of optimal selection of the carrying capacity (VPS) “by the criterion of the

s trans
minimum CE or Tmean'
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The presence of undefined initial data and also several criteria in the network
design problems determine the expediency of using the dialog mode. The applica-
tion of the dialog mode insures the possibility of combining powerful mathematical
methods and unformalized knowledge of the designer in a single process. For
realization of the dialog mode, a dialog system was developed for topologic optimi-
zation of networks DIATOS [2] based on the BESM-6 computer and the UOOGI graphical
display.

The system software consists of functional and support subsystems and a control
program. The functional subsystems include the optimization subsystems, sub-
systems for analysis, correction and input-output. The optimization subsystem
includes operating programs for optimal location of the VIsKP and KD, optimization
of the network topology, and so on; the analysis subsystem permits calculation of
the basic operating indices of the network, the correction subsystem offers the
possibility of introducing changes into the outgoing and intermediate data and
also the dynamic structure using a light pencil.

The interaction between the designer and the system is realized using the system
input language.

The DIATOS system permits realization of the interactive mode when solving dynamic
VIsKP network design problems, significantly expanding the possibilities of the
operating optimization programs. In particular, the following problem is investi-
gated.

Let it be required to determine the optimal plan for the development of a central-
ized network in model 2 where.the capital investments Wy are variable, and let it
ze#gisessary to find max(l/K)ﬁ=lHa(Dk/Dk_l)=max Epean under the condition

Both criteria E a and W. are opposite with respect to effect, and it is
necessary to figﬁ a compromise solution satisfying both criteria simultaneously.
The procedure for finding the compromise solution in the interactive mode consists
in the following.

1.

1. Let us determine the range of possible values of Wy: [wmin, wmax
2., Let us give the initial value of Wy=W , let us solve problem 2 with respect
fon F2¥ (W), and find the val £ (E_. (0); W)

to one criterion {#* Epaan (W), and find the values o mean (03 Wg)-

3. Being given the admissible discount AW and setting Wy=Wg-4W, we again solve
the problem with respect to one criterion Si; Epean ané let us determine the
pair of values {Emean(l), w:(l)}. N1

Analyzing these values, the designer makes the decision either to continue
he optimization process or curtail it. As a result of repetition of steps 3, 4,
compromise curve is constructed in the plane of the criteria Epgay and Ws.

n this curve, using some additional information (for example, the condition

_Emean/)wj»min), the designer finds the most appropriate point.

o O ot 4
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On the basis of the proposed algorithms for solving dynamic problems, programs
for designing the developed networks of VIs (models 1 and 2) on the BESM-6 have
been developed which were used to solve some of the practical problems. In
particular, the application of a dynamic model when designing the Latvian SSR
network made it possible to increase the average metwork output capacity by 11%
as compared to the static model.

On the whole, realization of the proposed dynamic models permits solution of a
theoretically new class of network design problems in which the initial data and
parameters are variable, and the use of the interactive mode insures the possibil-
ity of considering the multicriterial nature of these problems.
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AN APPROACH TO OPTIMIZING THE STRUCTURE OF A LARGE-SCALE DATA TRANSMISSION NETWORK
[Article by G. P. Zakharov and V. V. Lokhmotko, Leningrad, pp 57-61]

The traditional approach to the solution of the problem of structural optimization
of a large-scale PD [data transmission] network on arbitrary weighted graphs turns
out to be in practice unrealizable because of the absence of sufficient decomposi-
tion experience and limited possibilities of the computer equipment used. A method
of automatic calculation of the structure of a large-scale PD network in the class
of wmiform and regular graphs is proposed which permits significant reduction of
the size of the model and realistic optimization of a large network without losses
to the basic qualitative properties.

A characteristic feature of the proposed approach which considers a PD network in
the form of a set of two subsystems (delivery of messages and technical mainten-
ance) consists in the possibility of coordinating the economic indices of the net-
work, its structural parameters and also the probability-time characteristics of
the processes of delivering messages and technical maintenance within the framework
of a single mathematical model, which permits recommendation of it not only for
selecting the hardware for equipment of the network and topological optimization

in the initial design phases, but also when solving the problems of structural
network control.

The initial data for the calculation are as follows:

N -— the number of terminal stations of the network (OP) with & breakdown by

type;

A, == the specific intensity of the outgoing traffic from the OP of the &-th type;
v — information aging intensity;

V -~ volume of message;

4, p —— junction and network load closure coefficients reflecting the nature of

wiform gravitation between OP;

kk, k):; —— the coefficients of the efficiency of use of the communicatioms channel
(QS) and switching center (LK) (concentrator);

60

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000500030035-5



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000500030035-5

FOR OFFICIAL USE ONLY

2y, 2z, == dimensions of the rectangle approximating the territory;

p —- types of concentrators and UK distinguished by output capacity {Gi},
cost {c;} and reliable indices (availability factor {ky;} and recovery
intensity {o;1);

q -- types of KS distinguished by PD speed {C.}, the coefficients {a;} and {b.}
of the cost function of the line equipment ana also the reliability indices ]
{kpy} and {dj};

g -- types of technical maintenance centers (TsTO) distinguished by functional
accessories and annual expenditures on maintenance {e,{}.

The dependence of the KS reliability on length krj(!l) is proposed.

It is required that the reduced expenditures function II taking into account both
capital expenditures of introduction of the network K and operating expenditures 3
be minimized:
nN=g,K+ 3= min
L

on satisfaction of the restrictions on the average time T and probability of
timely delivery of messages Q. In particular, it is necessary to determine:

The number of steps in the network hierarchy (R);
The type of structure, types of UK and KS in each step;
Number of UK (n), KS ~(m) and TsTO - (h) in each step.

It is proposed that the integral model of the network structure be represented
in the form of a set of three functionally distinguished models.

1. Models of the estimate of the probability-time characteristics of the PD
network for different switching techniques [1,2,3 and so on], giving the
analytical function T(},u, k., d, kyg) and Q(A,u,v, ke, d, kyg) where A and u
are the inteasity of the incoming flow and intensity of servicing the UK (KS),
respectively.

- 2. Models of estimating the efficiency of technical maintenance permitting
determination of the probability of servicing the next hardware set without wait-
ing k30 [4) as a function of n, ky, d and h..

3. The topologic model developed by the authors based on the concept of a contour
R-separating graph with simple subordination [5] integrating the hierarchical
structure by a composition of subnetworks of different levels. Here the spectrum
of possible topologies is quantized by a set of base graphs, including the null
graph, the shortest connecting network, radial, lattice and uniformly S-connected
2¢Ss¢n-1 describing a broad range of structures, from loop to fully connected.
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It is proposed that for individual steps in the hilerarchy, any of the above-
enumerated organizational principles is possible, and for the between-level
subnetworks, only radial. For the base topology, analytical relations were ob-
tained between the basic structural parameters such as the number of nodes n,

the sides m, the average length of routing m, the average connectedness S, the
average geographic length of KS 2 under the assumption of uniform placement of

the OP, and under the assumption of uniform gravitation between the OP of
individual subnetworks and realization of routing over the shortest paths, analyti-
cal forms of the traffic distribution plan with respect to nodes A and sides A

of the network as functions of N, ., ¢, ¥, n,m and S, which in the initial design
phases permits avoidance of the application of labor-intensive algorithmic pro-
cedures. In the given model optimization problems in the class of fixed structures
can be carried out for S, =const, r=1,R (the hierarchical trees, multiloop and
radial-nodal structures) and the problems of finding the optimal topology when S,
is unknown.

For the adopted models the purpose function (1) assumes the form
R P R 9 q
n‘EN[Z‘ ‘ wnc W LZ*—Z-Z]J';.(O"‘E‘?:')m';)‘z‘e‘klr (2)
2sf it i L B

{l, if i, j€r steps,
Wipr Wp T 0 - ?themlse,

ZL_.W-'LL # 2‘.: w‘z a I,

The first and second terms in (2) are the capital expenditures on junction
and line equipment, respectively, and the third term is the operating expenditures.

The average delivery time on the network is defined as the weighted mean with
respect to different routes considering their length m and proportion of the
flowing traffic

R 2 Y ’ 3-1
=2 Dza‘P‘[(q"d‘ WEZT 4,2 2:z 'r;ur,)»fd.‘\k,w,('rm»,TA (3)

Here it is assumed that in the R-step network there are no more than two R routes,
that is, through the UK of the r-th step and the subnetwork of the r-th step,
r=1,R, and the delay on the route is represented by the sum of time segments spent
by the message in each UK and KS which it visited [6]. TFormula (3) is a special
case of the expression for the all-network delay [7] for a hierarchical network
under the assumption of uniformity of structure within the limits of individual
steps of the hierarchy.

The limitation function Q is formed analogously. The difference of this function
from (3) lies only in the multiplicativeness of 0 for a route taken separately.

Tped (4)

Xy
(qzoz.*dzq’zoz‘,_ Q. )]

1

{0

R 3 2 2
0-2 [ Ma.p0.Tl0

202" 1.2
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In formulas (3) and (4) the following notation is used:

i-1.i’ Qi- 1 are the average time and probability of timely delivery of a
messdge tO %ﬁe KS of an interstep subnetwork, respectively;

Tyeps Qr,r are the average time and probability of timely delivery to the KS
of a subnetwork of the r-th step of the hierarchy;

Trs Q. are the average time and probability of timely delivery to the UK of the
T
subnetwork of the r-th step of the hierarchy;

a=1-9, B=1-v.

The procedure for solvirng the given problem of search for the optimal topology

of the network and selection of the optimal type of hardware reduces to substitu-
tion of the expressions for £, m, 7, T;, Q. in (2)-(4) and subsequent solution

of the problem of mathematical programminglof a combinatory and nonlinear nature.
Analysis of the functions (2)-(4) indicates that for fixed R, i, j it can be
reduced to a series of simpler functions, the dimensionality of which does not
exceed 3(R-1), for in each step, in addition to the subscriber, n, h and S are
unknown.

In order to minimize (2) with restrictions (3), (4), a combined algorithm is pro-
posed which is constructed from the ideas of the methods of boundarv search and
branches and boundaries. Reduction of the sort with respect to the variables R,
Wips Wip 1S achieved by preliminary cutting out of nonprospective versions based
on various asymptotic estimates, quasi and locally optimal solutionms.

Program realization of the proposed algorithm was used to calculate the network
structures with N>10°, the choice of conmunications hardware to equip them and
discovery of the most effective regions of application of various switching

me thods.

The results of the studies demonstrated that the proposed approach to optimizing
the structure of a large-scale PD network is an effective means of decision making
on the part of structural organization of prospective networks.
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- TIME DECOMPOSITION OF AN AUTOMATON
[Article by L. N. Zoreva, V. G. Lazarev, Moscow, pp 61-62]

As a result of complication of the operating algorithms of digital automation
devices and computer engineering, the necessity for varying the algorithm during
the functioning of the digital device, the problem of constructing logical control
units (LPU) with adjustable structure combining the advantages of ULU with hard-
ware and software execution of the operating algorithms, is acquiring more and
more urgency. This article discusses one of the automatic models of ULU with
adjustable structure in the form of time decomposition of the automaton A, and its
implementation principle is considered.

Let the automaton A be represented in the form of a composite of subautomata
Apse-rdy. Then the decomposition of the automaton into subautomata Al"" JA
will be called a time decomposition if any internal state cdelxd,. ..,Ké.} of one
and only one subautomaton A:€{A;,... ’AA} such that the transitidn function & .
and output functions XA, of Ehe subautomaton A; when it is in the intemal state zi
assumes the same values as the transition funttion § and output function j of
the automaton A when it is in the intemalstate Kio is compared with any internal
state Kle{Kl,...,<s} of the automaton A.

Thus, in contrast to the known types of spatial decompositimof the automaton in
which each internal state of the automaton A is representable, generally speaking,
by internal states of several subautcmata, during the time decomposition each
internal state of the automaton A is representable by an internal state of one
and only one subautomaton Aj.

Obviously, the time decomposition of the automaton, just as the spatial decomposi-
tion, can be interpreted as a special encoding of the internal states of the
automaton A. Some examples of the coding of the internal states of the automaton
A corresponding to the time decomposition of the automaton are considered.

On the basis of determination of the time decomposition of the automaton A, if
the automaton A at the time t must be in the internal state k(t), only one of the
subautomata AL€lA,. ..,Az’} will be in the "excited" state, in the internal state
kd(t) which ig compared with the internal state «(t) of the automaton A.

It is easy to understand that the time decomposition of the automaton is a break-

down of the set of its internal states into n nonintersecting subsets, with each
of which the subautomaton Ajé{Al,...,A4} is compared.
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one of the criteria of breakdown of the set of fntemal states of the automdaton A
into subsets can be the "connectedness' of the internal states by tramnsitioms,
outputs, and so om.

A discussion is presented of the method of formation of the groups of connected
internal states based on the method of obtaining maximum groups of joint internal
states of the automaton, and a procedure is presented for constructing the time
decomposition of both the general type automaton given in the language of the
transition tables and the microprogram automaton given in the language of logical
flow charts of the algorithms.

Considering noncomparison of the operation in time of individual subautomata of

decomposition structure of the automaton A, each of the subautomata can be realized

at different points in time in the same segment of uniform medium of the programma-

ble logical matrix or in amother basic module permitting rearrangement (reprogramming)
o of its structure.

This realization of the time decomposition of the automaton with respect to parts
using the same reserves is essentially the hardware-software implementation of the

- automaton and is a generalization of the known principle of cycle-by-cycle imple-
mentation of the automaton.

The structure of the device for hardware-software implementation of an automaton
is presented.
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DISTRIBUTED CONTROL IN SWITCHING CENTERS USING MICROPROCESSORS
[Article by 0. N. Ivanova, Moscow, pp 63-67]

The problems of optimal synthesis of the control units of switching offices and
centers of communications networks are an important problem, the solution of which
determines the technical-economic indices and expenditures on technical maintenance.
In their development the structures of the control units have gone through a num-
ber of stages which were characterized by the element base for implementation of

the control units (UU), degree of centralization of the UU and switching equipment
systems,

In the ten-step ATS} individual relay type control units are used for each switch-
ing device. The complexity of the UU was determined by the functions of the switch-
ing device in the corresponding finding steps. In the crossbar ATS, relay con-
trol units are used for a group of switching devices which form a switching mod-
ule. The complexity of the UU was determined by the parameters of the switching
module and its functions (conditions) in the corresponding finding steps. The
transition from individual UU to general UU using the same element base, that is,
relays, limited the volume of switching devices which can be serviced by the UU

on the basis of low operating speed of the relays (12-30 milliseconds). Therefore
each finding stage was constructed from individual switching modules, each of
which was assigned a W. In addition, the volume of switching devices which were
serviced by one UU also depended on the operating speed of the switching devices
themselves during the process of setting up a call inasmuch as the (U
could simultaneously setting up only one call within the limits of the given
module. The time of inclusion of the switching elements on the comnecting path
from the module input to its output was on the order of 50 milliseconds

(tmean VMTtmean UM)' The effort to increase the degree of centralization of the
UU in order to decrease their number could be realized only on a new electronic
basis. With the appearance of semiconductor transistors and diodes it became pos-
sible to use this element base to construct the UU of automatic telephone offices
and centers. This element base ¢ame to be called circuit-board electronics, in-
asmuch as when installing the UU each element was a separate component of the net-
work. The appearance of electronic UU opened up a new area in switching engineer-
ing with the building of mechancelectronic ATS (MYe, Hungarian offices, PS-KE-100,
and so on). However, in these ATS systems it was not possible to make full

use of the speed of the UU to significantlv increase the number of switching
devices serviced by one UU inasmuch as the switching devices themselves did not
have the necessary speed.

« [automatic telephone office]
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ihe broad possibilities opened up by high-speed electronic UU making use of pro-
gram control led to finding a new element base for constructing the switching
system of the ATS, the basic requirements were good contact quality in the
information transmission channel and high speed during the process of setting up
and cterminating calls. This element base was provided by hercon relays
(tr95ponse=2 milliseconds, t elease=o‘5 millisecond), the ESK relay, ferrides and
hesacons. The combination og the switching system constructed from hercon relays
or the above-enumerated relays with electron control units led to the development
of quasielectronic switching offices and centers. These systems include the
ESSI, IOC, IOR, "Kvarts,'" "Kvant," "Istok" and other systems.

In these systems the UU were constructed on a new electronic base -- integrated
microcircuits —- which insured an increase in operating reliability of the UU,
simplification of the installation of the UU, and a decrease in size. In

the quasielectronic ATS, the degree of centralization of the UU is appreciably
higher than for the mechanocelectronic ATS. Especially for the first models of
quasielectronic ATS in which all the functions of setting up calls, recep-

tion and processing of the address and control information were invested in a con-
trol computer (EUM), the output capacity of which would be sufficiently high with
high ATS capacity (250-500-103 op/sec for an ATS with a capacity of 10,000 to
20,000 numbers). Thus, at that time the structure of the UU went from the

- individual UU to the centralized, all-office device which provided control of the

- switching devices within the limits of the entire switching system (KS) of the ATS.
The high degree of centralization of the UU significantly increased the requirements
on the operating reliability of the UU of the ATS, for failure of the UU led to
shutdown of the entire ATS. Therefore special measures were taken to improve the
operating reliability of the UU such as redundancy, deep monitoring and diagrosis
of the equipment, which required both increased capital expenditures and increased
output capacity of the UU inasmuch as the monitoring and diagnostic programs
account for 40 to 60% of all of the instructions executed by the EUM during its
operation. After appearance of the quasielectronic ATS with high degree of central-
ization, deficiencies were discovered in this method in which it is necessary to
include the following. With an increase in capacity of the ATS, it is necessary
simultaneously to increase the output capacity of the EUM, which leads to the
necessity for implementation of it to use the element base with high speed, and
consequently, it leads to an increase in cost of the EUM; the requirements on the
reliability of the operation of the EUM increase.

For elimination of the first deficiencv, the call set-up algorithms were executed in
parallel so that part of the processes would take place in parallel, but this,

in turn, complicated the general algorithm because it required dispatching when
executing individual programs, establishing situations of conflict with simul-
taneous reference to common modules (for example. the readv-access memory) and
introduction of a large number of interrupt levels.

In addition, in order to decrease the influence of the low speed of the KS and
terminal sets, part of the EUM functions were transmitted to peripheral UU(PUU)
which could interact with the systems and KS without direct participation of the
EUM and transmit information to it or receive it omn instruction from the EUM.

68

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000500030035-5



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000500030035-5

FOR OFFICIAL USE ONLY

Thus, the structure of UU with distribution of functions with respect to

individual modules of the control units appeared. This method of construction

made it possible to lower the requirements on increasing the output capacity of
the EUM, because part of its functions began to be performed by individual PUU

which can be both passive and active.

In this method of construction, research is required with respect to optimal dis-
tribution of the functions among the individual modules of the PUU and the EUM
itself and also synthesis of the modules realizing the given function. Then it is
necessary to develop the software for the entire UU for the given type of office
considering auxiliary types of servicing, automation of technical maintenance

and a number of other functioms.

Modern progress in the field of electronics and the creation of a new electronic
base on the basis of large integrated circuits (BIS) and microprocessors (MP) is
opening up new ways to synthesize the UU of switching offices and centers.

Large integrated circuits can carry out quite complicated functional problems
during the process of controlling the setting up of a call and can be a
device for hardware implementation of the control functions.

In the ATS switching system or the switching system of a center it is possible to
isolate operations with respect to setting up calls which are repeated
for each call, and they are performed independently, receiving only the
instruction to execute and the instruction to output the results of execution
from the computer if needed for subsequent operation of the UU. If such opera-
tions are encountered in different parts of the system, thev can be executed by
different BIS, the operating priority of which is given by the operating program
of the EUM with respect to setting up the call.

If it is necessary to perform different operations, it is possible to use micro-
processors, each of which operates by the corresponding program. Here we have a
set of MP, each of which carries out its mission, their operating priority is
provided by the EUM which can be executed in the form of a minicomputer with
integrated processor which, in turm, can also be executed in the form of an MP.

With this method of construction, the UU will be a set of BIS and MP providing

for the execution of all functions of controlling calls at the ATS or

center, but each BIS or MP will be connected only to part of the KS equipment or
sets, that is, the control will be distrituted somehow over individual modules of
the switching equipment and the ATS svstems. Here the primary principle is the
princinle of control distribution by which failure of one BIS or MP or another will
not disturb the operation of the AIS.

Obviously it is possible to find distributed control structures which will reflect
the same structural redundancy as the KS where the connection from the input to
the output of the KS or an individual module of it can be provided by several
connecting paths from which one is selected. Failure of one path does not lead

to disturbance of the possibilitv of setting up calls but only lowers the
quality of servicing the calls somewhat with respect to time required to eliminate
failure if it coincides with the PLH [peak load hours]. With this structure,
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the necessity arises for investigating the capabilities of the manufactured BIS
and MP to solve individual control problems at the ATS, to optimize the structure
of the UU based on BIS and microprocessor sets and to develop software correspond-
ing to the operating requirements at the ATS or center. The use of distributed
control is possible both in the quasielectronic ATS and in the EATS implemented
on the basis of digital data transmission. In the digital systems of the ATS,
the switching system will be executed by means of electronic contacts which, in
turn, can form electronic connectors for the required number of inputs and the
number of outputs m realized in the form of one BIS. Such connectors, forming
individual modules of the ATS switching system, can control the functional modules
of the UU which can be realized by means of the MP operating with the given
algorithm for the given switching module. Individual sets (or groups of sets) of
_ one type or another (AK, ShK, SK, RSL, and so on) can also be implemented on the
basis of the MP and the BIS.

Inasmuch as at the present time the BIS and the MP are primarily created for the
circuitry of computer engineering, it is possible that they do not fully
correspond to the requirements which are imposed by the ATS control units; there-
fore the question can be stated of creating specialized BIS and MP for the UU of
the switching centers and cffices. For this purpose it is necessary to develop
circuitry for the BIS and MP which will to a maximum degree satisfy the require-
ments on the UU structure.

In the switching equipment the nurber of 3IS and MP required to conmstruct the UU
is quite large; therefore the production of specialized BIS and MP in industry
can be justified economically. The problem of the developers is to create
universal BIS and MP for communications engineering which can be implemented in
industry.

The layout of an ATS with a capacity from 2048 to 8192 numbers of the quasielec-
tronic type is considered in which the subscriber finding stage implemented by three-
link BAL modules with parameters 2048x1024%x512x512, the group finding stages using
BSL modules with parameters 312x512x512x512 and the register finding stages using
BRI [sic] modules with paramters 512x512x512x512, are used.

For construction of switching system modules, hercon connectors with 8«8 capacity
with electric delay are used. Service wires or 0ZU [ready-access memory ] is used
to depict the state of the intermediate lines in the KS.

Control is realized by means of peripheral UU, a central UU implemented in the
form of a EUM with program control. The control is constructed so that it is dis-
tributed with respect to hierarchical structure. The switching equipment is
divided into sections, the equipment in each of which permits setting up

calls from the input to the output of the module over independent paths.

In accordance with the breakdown of the switching system into sections, a sectional
control system is constructed.

Each section has its own control unit in the form of an identifier of intermediate
lines (OPL) and a module for disconnecting the switching elements. The choice of
KE is realized by the OPL. The main part of the distributed control system can
be implemented on one or two types of microprocessors operating by programs re-
flecting the operating algorithm of the corresponding module or switching equipment
section.
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SOFTWARE FOR SUPPLEMENTARY SERVICES OF THE 'KVANT' QUASIELECTRONIC AUTOMATIC
TELEPHONE OFFICE

[Article by A. A. Ivanov, Riga, pp 67-71]

The method of controlling the ATS KE [quasielectronic automatic telephone office]
by a pecorded program gives the subscribers a number of additional services,
capabilities or simply additional types of servicing (DVO) :

The external communications category;

Constant number within the office;

Determination of the number of the calling subscriber by request of the called
subscriber;

Poor audio message;

Extraneous signal message:

Absence of KPV voice-frequency signal message;
Absence of ringing signal message;

Failure of telephone set (TA) message;

Three-way calling or call forwarding;

Speed dialing (up to 30 1l-digit numbers);

Direct line (lifting the receiver, without dialing the number) ;
Temporary inhibition of incoming service;

Temporary selective restriction of incoming service;
Reminder or wake-up calls;

Recording of incoming calls:
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Information calls;

Call transfer (from an information call);

Return calling or putting on hold;

Urgent service for privileged subscribers;

Notification outgoing call;

Temporary postponement of completion of DVO;

Conference calling (up to 5 subscribers in one office);

Radio communications;

Search signalling (via a light display);

Dictation machine for recording voice communications;

Automatic telephone answering device;

Group forwarding or night service mode;

Permanent forwarding when the main subscriber is busy;

Recording of outgoing long distance conversations;

Notification incoming call;

Trunk hunting.

The greater part of the listed services are provided by purely software means.
Individual use of the DVO by office subscribers is determined by the class of
service of each specific subscriber. The class of service is the set of data
which completely describes each subscriber line included in the office, from the
point of view of basic and auxiliary forms of equipment and which is stored in
memory (ZU), it is compiled when designing the ATS KE by information provided by
the requestor, and it cam be altered during operation by technical personnel.
Organization of the class of service permits any ATS KE subscriber to have any
number of DVO in an arbitrary combination.

From the presented DVO list, the first seven are provided to all of the ATS KE
subscribers without exception; the last five are realized automatically as a
result of the corresponding class of service of the subscriber, and the last DVO
are controlled directly by the service user himself by special subscriber
procedures performed on the telephone set. Dialog subscriber procedures have been

developed on the basis of the Recommendations of the MKKTT [International Telegraph
and Telephone Consultative Committee].
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g Subscriber signalling consists of a set of digital data modules separated by inter-
module separators. The first module always contains two digits called the service
code.

A unique control signal used in the DVO procedures as the intermodule information
separator is dialed by the subscriber by pressing a button
("square on a touch telephone. It is also equivalent to a four-second delay in
number dialing, and both signals can be used interchangeably. As a result, iden-
tity of subscriber procedures for touch and dial telephones is guaranteed without
using any additional nonstandard buttons.

Brief pressing of the microtelephone receiver arm for 0.2 to 1.2 seconds or briefly
hanging up (KRO) is used as the signal to get a second line to dial a DVO sub-
scriber procedure while putting a first call on hold. After obtaining the second
dial tone, the basic procedure format is followed. The KRO signal for a three-

way connection is received as a request to switch the talk channel.

The parameters of additional information signals are presented in Tab.e 1.

The basic volume of DVO system data is for subscriber characteristics (AKh) or ‘the
translator for decoding the line number of the subscriber (LNA) to a set of
finite parameters such as the listed number of the subscriber, the type of sub-
scriber line (AL) and its relation to the different forms of equipment. The basic
structural principle of the translatoris organization of multistep indexed tables,
as a rule, of no more than three steps.

The first translator stage is aone~dimensional matrix of so-called first words of
the AKh. The size of the matrix is uniquely determined by the finite subscriber
capacity of the office and fully corresponds to it. The initial parameter for
indexing the given table is the complete LNA in binary code. The unincluded AL
are denoted by "all 1's." The entries corresponding to included AL contain the
type P descriptor (the high-order bit of the word) which indicates the nature of
the information in the rest of the word. For P=0 the remainder contains data;
for P=1 the remainder contains a reference to the next step of the AKh. The
second and following steps of the AKh can have altered format.

For realization of some services, for example, "reminder" and "return call,"
connected single-pass lists of variable length are used which are formed of four-
word blocks in the readv-access memory. In addition, from the second step of the
AKh of the service user there is a reference to this blochk or several blocks and
one of the lists. In all, there are four types of such lists: the free block
list, the list scanned once every second, the list scanned once every minute, the
list for organizing the printing out of the information from the DVO system.

The DVO svstem programs participate in the following calling phases: reception
of the number from the subscriber, arrival of a call at the subscriber, arrival

of the disconnect signal from the subscriber and organization of sending special
signals to the subscriber. 1In addition, there are a number of programs, the so-
called operation planners triggered by a timer once a second, minute
and hour on the basic program level. The DVO software, just as the rest of the
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-Table 1

. Time parameters

Position Frequency, Sending Pause

No ‘Name of signal ‘hertz time time.

1 Special "office answer" 425425 0.3+0.1 Single sending
signal

2 Confirmation of reception 425425 Continuous signal
of request

3 Confirmation of implementa- 425425 1.540.5 With subsequent
tion of a request from a call return to the

call

4 Falilure to receive the 425425 0.30.4 0.3-0.4
request

5 Failure to implement the 425425 0.3-0.4 0.3-0.4

service from the call

6 Notification of a new in- 425+25
coming call during conversa-
tion

7 Making a call with "return 252

call" service

8 Making a call with 25+2
"reminder" service

9 Signal of an incoming 425+25
"urgent" call

For 1-2 seconds with subse-
quent return to the call

0.240.1 5+1
140,25 140.25
240.5 240. 5
0.15+0.05 0.15+0.05

three sendings

ATS KE software, is constructed on the modular principle in the form of a common
program. This means that the programs are written without being tied to the
physical addresses of memory and can be moved. The references between the programs
and between the programs and the office data are by means of reference tables.
Thus, when generating the ATS KE software only the office data, for example, the

AL repeaters, SL repeaters, the routings, and so on describing the specific office
and coupling it to the communications network are subject to generation.

The memory used to implement the DVO is presented in Table 2.
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Table 2

Vo lume
Name of set of operations (K-words)

Design operations 1.0

Register information processing 3.1

Implementation of DVO in the incoming call phase to a subscriber 1.5
and organization of special signal sending

Processing of disconnect signals from the subscriber and KRO 3.0
AKh for using the DVO for 2048 AL capacity 16.0
Total: 24.6

Introduction of the developed DVO system has the following advantages: it expands

_ the subscriber capabilities; it insures economy of personal and work time;
the possibility of transition if desired from a system with rejects to a system
with waiting; increases the carrying capacity of the ATS as a result of partial
elimination of repeated calls, and it increases the carrying capacity of the
recording equipment.
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CHOICE OF DYNAMIC CONTROL METHOD FOR INFORMATION FLOWS ON A COMMUNICATIONS
NETWORK

[Article by Yu. M. Kazachenko, Leningrad, pp 71-75]

One of the ways to increase the operating efficiency of a communications network

is to optimize the control of the interaction of individual network subsystems

and the control subsystem itself. Therefore recently significant attention has
been given to investigation of adaptive control of information flow distribution

in the communications networks. The realization of this control faces the designers
with at least the two following problems:

The placement of the control subsystem (centralized, decentralized);

Organization of service information exchange, the rate of renmewal of service
information or the adaptation rate of the control algorithm if the service informa-
tion exchange is not carried out.

Theoretical analysis [1] and also the results of experiments on existing networks -
[2, 3] permit isolation of three basic situtions which arise during the operation
of a communications network: small loading, loading close to critical and over-
loading. In each situation the efficiency of the information traffic control
will be different. As is noted in [1, 2, 3], the greatest effect is obtained
from the application of adaptive information traffic control (dynamic routing)

in the presence of significant loads. With a small load, static routing is
effective; for overloads restricting the load coming from the network subscribers
appears to be the only possible solution (without altering the structure of the
network). Thus, quasistatic control will be optimal [4].

In this case the service information exchange rate will be relatively low [3],
which will lower the nonproductive load on the channels. Let us note that in the
ARPA network with fully decentralized, dynamic control up to 50% of the carrying
capacity of the communications channels is used to transmit service data [5].

The centralized and decentralized methods of constructing the control subsystem
are characterized by advantages and disadvantages [4]. Let us only note that
during overloads (that is, restriction of the incoming flows) the control is the
most effective for the centralized method [6]. Thus, an intermediate method of
placement of the information traffic control subsystem is expedient [7, 8]. One
version of the structure of a control subsystem can be as follows.
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Let us consider a network of N junctions with arbitrary comnections. Let Q4 . (t)
be the quantity of information at the time t which must be transmitted from’
junction i to junction j. The values of Q; .(t) form an NxN matrix Q(t) describ-
ing the "operation' which must be carried oit in the network at the time t. The
variation rate of the matrix Q(t) is determined by the variation rate of the total
quantity of information in the network. Also let ¢y .(t) be the carrying capaci-
- ties of the channel directly connecting junctions i hd j; C(t) is the matrix
describing the reserves which are available in the network for performance of the
operation Q(t). Let us propose that C(t) is a two-dimensional file of elements
c. .(t). Now the routing problem consists in optimal distribution of reserves
C%Ea for execution of the operation 0(t). In this case the current delay will be

di, (0=0i, O /ci O (1)
The average delay is calculated in the switching center
dij =k diy (t-Ta) + (4004 (1), 2)
where Ogks<l and T characterizes the history.

The value of di,j(t) is transmitted to the network control center (TsUS) only if

ldij (0 -dij(t-L Ta)]>d 1) (3)

nops

Key: 1. threshold
where L=1,2,3,... which corresponds to quasistatic control.

The general state of the network is estimated at the TsUS on the basis of the
matrix D(t) with the elements d; .(t). The shortest path is found using a method,
for example, the dynamic programhing method. Here not one, but n shortest paths
are defined. Let 7K _ denote the k-th path of the investigated paths joining the
junctions i and j. tdr this path the delav will be

k
=2. d g, (1). (4)
T, [q.q.-n:‘ v

The value of (4) is calculated for all n routing versions and the values of TE ()
are compared to each other. If one value is distinguished from another by L]
less than some amount °, control is realized by the switching center control sub-
system. For example, the method of dynamic priorities car be used [9], where the
information distribution plan on the network does not change. In the opposite
case the TslS selects the shortest path and corrects the information distribution
plan. The nature of the solutions adopted when using the given method can be
demonstrated in an example where the number of paths between the i and j junctions
from which it is possible to choose is n=2. At the TsUS, the delavs are compared
with respect to these paths and

“A

it T (0eT o ()-6  then Liyj(0=4, (5)

]
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if T ::ib(t)( T‘L;A(t)-d then L L (i)' B, (6)
if |T:.:-‘(l)—'r ‘:;(t)“ § . then L (= A.D. 7)

Thus, in the cases (5) and (6) the routing is selected on the TsUS, and in the
case (7), the path is chosen at the switching center on the basis of the routing
matrix developed in the network design stage. The parameter § determines the
degree of independence of the switching junction. If § is small (that is, even
insignificant changes are considered in the delays with respect to different
paths), we arrive at a fully centralized control., If § is large, we arrive at
decentralized path selection. Exceeding some threshold by the average delay with
respect to the entire network indicates overloading of the network with messages.
In this case the TsUS goes to the load limiting algorithm, for example, curtailing
access of low-priority messages to the network or using other load limiting

- algorithms [4].

Thus, implementation of the discussed method permits the use of the advantages of
decentralized and centralized methods of constructing the control subsystem. In
addition, the given method permits efficient use of the control subsystem in the
antire range of load variationm.

One of the primary difficulties in implementing any nontrivial method of dynamic
traffic control on a communications network is the fact that the "operation" Q(t)
is distributed in space and time. In other words, the special operation Qg . (t)
is known exactly only at the time t and only at the junction i. Information™ about
Q; :(t) can be transmitted to another junction, but this information can become
obsolete during transmission time. Thus, any global characterization of *he
general operation of the network Q(t) is based on data pertaining to the past

and not current information about the state of the juctions. In the network
there are .~o types of information about its state:

Precise and timely local information (that is, information about the state of the
switching center at the same center). This information is available for every
center;

Averige values describing the past local characteristics of the network.

The proposed dynamic control method permits full use of both types of information
about the state of the network, which insures effectiveness of it.
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SELECTING TYPES OF PROCESSORS FOR A MULTIPROCESSOR SYSTEM
[Article by A. N. Kol'tsovand F. I. Pepinov, Moscow, pp 75-771

A study is made of a multilevel hierarchical system with given structure. The
apexes of dif ferent level joined to each other form a precursor -follower pair.
In the k-level system the i-th apex of the t-th level forms the set Fy of its
followers of the &+l level and the set Fi* of its followers from &+l to k level.
This system can be a model for execution of a parallel computation problem,
administrative relations and the relations of any agency, a multiprocessor data
processing system, control unit, and so on [1]. Beginning with the selected
structure of the system and its purpose, a special algorithm o; is matched to
each apex of the system i in some way oOr another. This special algorithm is
executed by some type of processor from among the given ones located at the i-th
apex of the system. The composition of the special algorithms c={ol,...,crm}

is the operating algorithm of the system.

In the investigated system in the processor memory of the i-th apex, in addition
to the special algorithm oy executed on this processor, all special algorithms
G*i matched to the follower apexes from the set F*i are stored (but not executed).
The special algorithm stored in the memory of the i-th apex processor can be
rransmitted to the follower apexes from the set F,.

The investigated system is implemented in a set of processors of different types
R=(Rl,..., Rn}. The types of processors R+, j=1,...,n can differ significantly
with respect to their capabilities; therefore each special algorithm oy, i=1l,...,m
can be executed on one type of processor or another with different speed, relia-
bility and cost. The execution of o; on Ry is characterized by the following
parameters o f the special algorithms and processors.

C: is the cost of the j-th type of processor; A: is the intensity of failures

o% the j-th type of processor; t, is the given %xecution time of o;; Lj is the
magnitude of the penalty for failure to execute the algorithm ogy; Vi is the
magnitude of the penalty for exceeding the execution time of the algorithm o5

per wnit time; pj; is the probability of failure to execute the algorithm oy when
executing it on tg\e j-th type processor; cjj is the cost of developing a method
of implementing the special algorithm ¢y on the j-th type pro_essor; tij is the
time of execution of o on the j-th type of processor.
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The enumerated parameters will permit determination of the magnitude of the
average losses ;. when executing the algorithm oj on the j-th type processor
which is made up of the following components:

C'ij is the cost of executing the algorithm o; on the j-th selected type processor,
]

.w=c.te, .
MRS e §
Lipy: is the average magnitude of the penalty for failure to execute 0, where
the grobability of this event is calculated by the formula:

~Ait;
P.'J"fe ‘;

Vit'i- is the penalty for exceeding the execution time of the special algorithm
oj by the time t'ij which is calculated as follows:

4 0, if tq [9 N

! - ti.j-t-i . if tq)t‘.'u
The magnitude of the average losses ¥;; when executing the speclal algorithm oy
on the j-th type processor is calculatéed by the formula:

¢LJ=L1pLj *V;_'t;j"'c;“, (l)

The magnitude of the average losses in implementing the entire system:
~
Y= 24y (2)

It is obvious that the magnitude of losses Y depends on which type of processor
is used to execute each of the special algorithms o é0.

A method of selecting the types of processors executing the set of special
algorithms is proposed such that the magnitude of the average losses U for the
given hierarchical multilevel system will be minimal. Here it is remember that
the number of processors in the system is no less than the number of special
algorithms

m‘%?.“, (3)
where 2K j=1,...,n is an arbitrary given number of processors of the j-th type.
Otherwi3e, it is also possible to combine some special algorithms so that condi-
tion ((3) is met.

For each special algorithm 7;€5, values of the average losses Y., wiz,..., win
are calculated by formula (l% for execution of the special algorithm on all
glven tvpes of processors Ry, R,, ..., R, that is, each algorithm a4 has a

row of losses wuyq, w.z,...,%i in correspondence to it. The set of such rows
forms a loss matrix ¢, each columrn of which is assigned an rj — the number of
type Rj processors.

81

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000500030035-5



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000500030035-5

FOR OFFILIAL UDE UNLY

On the basis of the loss matrix ¥, a matrix breaking down the special algorithms
with respect to types of processors B is constructed, the rows and columms of
which precisely correspond to the loss matrix, and the elements are bij’ where

{ 0, if 9 is not executed on the Ri processor

b. . :
+ 1, if oy is executed on the Rj processor.

Inasmuch as each special algorithm is executed on only one processor,

26, =1. (4)

i~
On the other hand, the number of processors of each type Rj is given, and this
means that

Z?R‘s%'.
PR (5)

The expected magnitude of the losses ¥ for the entire system with respect to all
special algorithms is defined as follows:

\g=Z‘:,Z':(@ng"P.j)- (6)

The obtained expression (6) is the solution functional of the system, the minimum
value of which determines the choice of types of processors for the entire system
with the existing restrictions (4) and (5).
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HOMEOSTATIC PRINCIPLE OF REGULATING THE OUTGOING SUBSCRIBER TRAFFIC
[Article by A. V. Kotov, Leningrad, pp 77-82]

Within the framework of dynamic traffic control on telephone networks, the volume
of the outgoing traffic from the subscribers can be automatically regulated. This
is extremely desirable from the point of view of increasing the cost effectiveness
of the communications networks [1, 2]. However, inplementation of the indicated

- regulation is possible only under the condition of improving the algorithm for
interaction between calling subscribers and the telephone system in which negative
feedback is introduced into the "subscriber-telephone network' control circuit.
The conversion of the interaction algorithm with introduction of negative feedback
into the telephone system is realized, for example, by certain additional types
of services such as the automatic answering device, "putting the call on hold"
and so on. These services decrease the number of repeated calls (PV) and thus have
an automatic regulating effect on the outgoing traffic from the subscribers. In-
asmuch as the largest number of PV on a network are formed as a result of low
accessibility of such GIS services as ticket ordering, the information office, and
so on, it must be expected that the greatest regulating effect with respect to the
occurring load is provided by services which are designed to eliminate rejects on
the part of the indicated services. An example of a hardware solution in this
area is described in [3]. Here the subscriber calling for service gets a recorded
message about the time by which he will raceive a return call for servicing his
request. The indicated time depends on the number of requests accumulated
previously for servicing.

As is known, in ordinary request and information service systems the load is
characterized not only by the fact that it has a sharply fluctuating intensity,
but also by the fact that even during short-time intervals, for example, in the
plh [peak load hour] it does not have the properties of a simplest flow in view
of the presence in it of a large number of PV (a flow with consequence). In con-
trast to this, in the svstem according to [3], the total load is somehow split by
the regulating mechanism into two flows: 1) a simplest flow (flow without PV)
with low intensity v ...,“<Yp consisting of the actual service requests

coming into the system in reafxtime and having a constant service time (trans-
mission of a voice message) LR P (where tave is the average busy time in case
of ordinarv requests for information servicesy, 2) an ordered (deterministic)
flow of request servicing with a time shift having an intensity y=const.
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Figure 1

In order to explain the essence of the given regulation principle let us consider
Figure 1 which depicts the load intensity distribution curve y=y(t) of the request
or information service load for some time interval. The level yg denotes the
total carrying capacity of the entire operator staff (depending on the time of day
this level can vary in accordance with some schedule). TIf the service is equipped
with a system according to [3], after a time t; all of the calls begin to be
serviced with waiting. Up to the time tj (that is, while y>y0) the queue is en-
larged and after t,, it diminishes. The end of servicing with waiting takes place
at some time t, defined from the expression

f t
1hw(t)-q,]dt=jt:[,,-~4(n]dt ,

In Figure 1 this corresponds to-equality of tha crosshatched sections of the area
above and below the curve y=y(t). A call coming into the system at the time t,
will be serviced with maximum waiting time Tpg, equal to

t

Tma::- i‘d—a S{l‘(n-“‘]dt .

L

(D

Expression (1) is a mathematical model of a telephone system with self-regulation
with respect to subscriber traffic directed to information or request services.
The regulation effect in the given case consists in the fact that for given carry-
ing capacity of the system y;, whatever the intensity of the arrival of requests
(of course, within known limits), the service waiting time Tpax Will always be
automatically selected, in which the intensity of the traffic service by the
operators remains constant and equal to yg. Here the total traffic intensity
YoccurYo will be appreciably less than yp..; all of the calls will be serviced,
and no rejects or PV will occur.

Another possibility for controlling the outgoing traffic from subscribers consists
in using the mechanism of adaptive rates on the networks [2]. The essence of this
method consists in the fact that a system of variable rates is introduced on the
telephone network, the size of which is determined by the load intensity of the
ATS, and negative feedback is realized in the form of operative transmission of
information about current rates to the subscribers. In this case a regulating
effect on the occurring load as a whole is realized. The given method of regula-
tion is based on si fting out part of the load (transferring it from peak periods
to other times) by the criterion of quantitative consideration of the human factor
-- the requirement for communications under various specific cenditions. This
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factor can be quantitatively expressed in terms of the value content of the
information in the calls.

The random variable & -- the value content of information in a call -- is defined

as a subjective estimaie by the calling subscriber of the value (expressed in

money) of this information which the subscriber hopes to tramsmit, receive or

exchange as a result of making a given specific call. Figure 2 shows the hypothet-
- ical probability denmsity distribution curve for the indicated variable.

¢ (8)

Figure 2

The mechanism of adaptive rates presupposes that if the measured intensity of the
occurring load does not exceed a threshold value y., the preferential rate c¢; is
in effect, for example, equal to zero, and the subscribers are informed of this
by the corresponding signal. When an increase in traffic intemsity exceeds y,,
an increased rate ¢, is automatically put into effect on the network, and the
signal transmitted to the subscribers changes simultaneously. With a further
increase in traffic, rate cj can be put into effect and the signal corresponding
to it, and so on. If, for example, rate cy has been put into effect, the calls
for which the value content of the information 6<cy, that is, the calls correspond-
ing to the crosshatched part of the area under the curve $(9) (see Pigure 2) will

- not be made by the subscribers, and they will be postponed to a later time when

- the rate cj will again be in effect as a result of a drop in the load on the net-
work. This part of the calls will be:

e .
s={ u(eyde.
o
The rest of the calls are made. Inasmuch as the entire area under the curve +(%)
is equal to one, the proportion of calls made by the subscribers during the period
that the rate cp is in effect will be:

Ca
s=1-§ u(eyde.

o

The load intensity proportional to the entire
characterizes the total demand for the entire
tions at the investigated point in time. Let
Then the load intensitv occurring at the same
the adaptive rate mechanism will be expressed

@
Yoou' =Y M.P<1- fuce)ds)
o
Key: 1. occur; 2. demand
is the current value of the rate.

- where ¢
' 85

area under the curve 5(%)

set of subscribers for communica-
us denote this value by Ydemand:

point in time in the presence of

as follows:

(2)
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Expression (2) is the regulation fumction -~ a model of the telephone network
equipped with an adaptive rate mechanism. The regulation effect consists oanly
in the fact that whatever the peak value of the demand of the entire set of
subscribers for communications it is always possible to select a rate c; for
which the occurring load will be less than some previously given value Yy .cur w*

The form of the function $(8) is still unkaown at the present time. However,
there are grounds for assuming that in the given case normal distribution occurs.
Under this assumption the network model assumes the form:

¢ _(6-8m)
W (z)( g 26"
Ytom =Y norp 1"6'{'2_—1J°9 de),

Key: 1. occur; 2. demand
where €

¢q is the mathematical expectation of the value of 8, o is the mean square
deviation.

Both of the investigated methods of regulating the outgoing traffic from the sub-
scribers are based on applying technical solutions that introduce negative feedback
into the man-machine "subscriber-telephone network” system. As is known [4] the neg-
ative feedback is a recessary condition for giving a complex probability system the
properties of homeostasis, that is, the capacity to withstand dynamic (fluctuating
within some sufficiently narrow limits) constancy of its significant variable under
the conditions of sharp inconstancy of external disturbances affecting the system.
By significant variable we mean the variable closely connected with the operating
quality of the system. In our case it is the occurring telephone traffic which,

as is known, in the absence of regulating mechanisms is distinguished by extra-
ordinary fluctuation with tespect to hours of the day, days of the week, and so on.
Complex probability systems having the homeostasis mechanism belong to the class

of cybernetic systems [4]. Therefore the application of the above-lescribed tech-
nical solutions on telephone networks and also the DVO which introduce some degree
of negative feedback into the "subscriber-:elephone network" system gives the
latter the properties of a cybernetic system operating in the optimal version.

All of the mentioned technical solutions can be used both separately and simul-
taneously. In the latter case it is necessary to expect that a maximum overall
self-regulating effect will be obtained.
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RESEARCH OF THE INTERNATIONAL TELEPHONE AND TELEGRAPH CONSULTATIVE COMMITTEE
IN THE FIELD OF NETWORK CONTROL

[Article by A. V. Kotov, Leningrad, pp 82-85]

Automation of intermational telephone communications, growth of information exchange
are raising the urgent problem of introducing methods of controlling the traffic
flows on international networks which previously, in the absence of automation,
were realized by international telephone operators. However, the problem of
organizing work control on an international scale not only has technical and
economic aspects, but it alsc requires the organization of cooperation of the
communications administrations of the participating countries. It is natural that
the solution of this type of problem is only possible for an international commun-
jcations administration organization -- the Internationai Electrocommunications
Union (MSE). One of the permanent agencies cf the MSE is the International Tele-
phone and Telegraph Consultative Committee (MKKTT) which at the present time (the
investigated period is 1977 to 1980) inclu’'es 17 investigative commissions and more
than 10 mixed, regional and other specialized working groups.

Research in the field of traffic flow control in international networks has been
performed by the MKKTT for a number of years. In the preceding research period
(1973 to 1976) 13 research committees were engaged in this research. The result

of earlier research was the Recommendationms Q.55/E.410 approved by the Fourth
Plenary Meeting of the International Telephone and Telegraph Consultative Committee
in 1972 [1]. This recommendation substantiates the necessity for controlling
traffic flows on international networks, the concept of work control is defined,
and the actions required for implementation of it (performed manually or automat-
ically) are enumerated.

Tne purposes of network control are indicated as insuring continuity of communica~
tions and maximizing the number of paid calls as a result of the most complete
possible use of equipment both during normal operating periods of the network and
during periods when there is some disturbance in its operation.

- The Recommendation includes a description also of the parameters (indices, obser-
vation of which will permit determination of the time when it is necessary to
take measures to control the network and establish what actions it is expedient
to take. These parameters are as follows:

&8
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An overload coefficient (expressed in percentages) defined as the ratio of the
number of unsatisf ied requests for a free channel in any group of channels
(circuits) to the total number of requests coming to this group during a defined
time interval;

The BCH index defined as the ratio of the averag: number of requests for free
channels coming to a given group of channels during 1 hour to the number of
cuannels in the group;

The SCH index indicating the average number of busies during the hour per operating
channel of the given group.

An important item of the Recommendation Q.55/E.410 is indication of the necessity
for developing a svstem of signals which must be transmitted from certain switch-
ing centers to others during the network control process.

In the same Recommendation it is stated that the time for organizing any inter-
national center in which the control of the international network would be concen-
trated still has not come and that onthe modern level, the organization of load
control in international service must be realized on the basis of two-way or
multisided mutual agreements between the communications administrations of various
countries.

During the next research period (1973 to 1976) the problem of load traffic control
on the international networks became the content of Juestion 4/XIII. A very
important new measure of this research period was the organization of an inter-
national experiment in introducing load flow control under actual conditions --
in existing international service. Among the purpose of the experiment were the
following: 1) obtaining experience in using network control on the international
level; 2) determination of the threshold values of the indices used in network
control; 3) development of proposals regarding new indices which would be useful
in the sense of increasing the control efficiency; 4) the development of proposals
with respect to further improvement of the system of signals transmitted between
the switching centers during the load control process, and so on.

For countries agreeing to participate in the experiment, the form of periodic
reports on the course of the experiment was developed. The report data were
generalized and published in the documents of the MKKIT by the person reporting on
Question 4/XITI. The results of the experiment which was participated in by sev-
eral countries were generalized and presented for investigation by the Sixth
Plenary Meeting of the MKKIT which was held in 1976. They were published in the
first official document of the MKKIT in the current research period 2. Recommenda-
tion 0.55/E.410 was approved and put in Volume 1.2 of the MKKTT Orange Book.

The decision was made to continue the international experiment in a new research

m period (1977 to 1980).

The Sixth Plenary Meeting made changes in the composition of the research
committees. The 13th Committee was formed, and the greater part of its problems,
including the problem of network control,were transferred to the IT Committee.
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During the current research period network control is the content of Problem 18/II
[2]. The primary work is concentrated arcund further continuation and expansion
of the international experiment. By December 1977, the number of countries par-
ticipating in the experiment reached 12.

At the present time the Recommendation Q.55/E410 is being reexamined. A new
altered, supplemented version of it containing an appendix with definition of
terms has been published in [3]. It was presented for approval by the Seventh
Plenary Meeting of the MKKTT in 1980.

The MKKIT is making an effort to involve new countries in the participation in

the experiment with respect to network control omn an international level and is
paying special attention to the necessity for more precise definition of the
threshold values of the indices which were obtained during the course of previously
performed work and also the necessity for developing an optimal signal system
considering both the requirements on the part of network control and other require-
ments on the signalling system, the development of which enters into the competence
of the Eleventh Committee of the MKKIT. The following signals have been proposed.

Information signals: 1) the switching center is overloaded as a result of over-
loading common devices; 2) the SN index exceeded the threshold value in a given
group of networks; 3) blocking of the lines or switching centers of the national
network occurs on the routings (the codes are indicated); 4) the location of the
blocking of the lines or switching centers of the international network occurs on
the routings (codes are indicated).

The signals transmitting the information and requiring that special measures be
taken with respect to network control are as follows: 1) blocking has occurred
in the switching center. It is proposed that the load be reduced by 25, 50, 75
or 100% (one of these figures is indicated); 2) blockings in the line groups or
in the switching centers of the national network have arisen in the stated
routing (the codes are indicated). It is proposed that the load be reduced by
25, 50, 75 or 100% (one of these figures is indicated); 3) the same as 2), but
for the international network; 4) the signal (indicated by the signal identifier
code) is cancelled; 5) the proposed action 1s taken.
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SOME CHARACTERISTICS OF PACKET-SWITCHED DATA TRANSMISSION SYSTEMS
[Article by V. N. Koshelev, Moscow, pp 85-90]

The purpose of this paper is to investigate the dependence of the mathematical
expectation of the time spent by a message broken down into packets in a queue,
for the packet switching method (KP) with priority parameter assigned to it by

p —- from the length of the packets, the number of packets and the number of out-
going channels from the UK. At the same time, a study will be made of the

message parameters which determine the choice of the length of the service-address
information (SAI), and the load was analyzed. The results of the analysis can be
used to select the number of packets into which it is necessary to break down the
message for a given number of outgoing channels from the UK.

Let us consider the dependence of the increase in message length for KP on the
increase in SAI volume. Let us assume that the length of the title of the packets
is approximately equal to the length of the titles of the messages when switching
messages (KS); then:

i 1

—_—a — - m-i H ,

P =™ gy (oD (1)
where 1/u, is the average message length with a title;

l/u,T is the average packet length with a title;

H3 is the title length;

- m is the number of packets in the message.

Let us denote the u-coefficient of the length of the packet title indicating how
much the title length is less than the packet length:

\,.

- , (2)
TR
then } \
H"J“n'd . (3)

From (1) and (3), it is possible to obtain the expression relating the average
length of the complete message and the message broken down into packets:
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3 is the packeting coefficient indicating how long the message broken down into
packets is with KP greater than the length of the same message with the KS method.

Analysis of the coefficients a and 3 for different values of l/uﬂ, Hqy, m indicates
that the message informativeness coefficient for KP:

P_m@-1)+f

m ma

L=

@)

depends or o so that i>l for a»e=, The graph of this function is presented in
Figure 1.

The results of the analysis of a and 1 can be used when selecting Hi of the packet.

;
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Figure 1

The KP method permits transmission of the packets of one message simultaneously
over different channels. This leads to the presence of two cases influencing the
message servicing time for KP:

The service time is equal to the packet service time (N2m);
The message servicing time is longer than the packet servicing time, but smaller

than the message servicing time for KS (N<m). It is obvious that in the general

case the packets of one message will be serviced c¢n the UK in several cycles equal
to the following:

=W
L (8)
where W is the integer from dividing m/N with the remainder,

N is the number of outgoing channels from UK.
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The intensity of the arrival of messages broken down into packets for servicing

for KP will be: Acﬂ=rkn, and the load on the system when processing message is
broken down intc packets:

8ca=230, (10)

where 0, 1s 'the load on the system when transmitting packets in one operating
cycle of the system.

8.
W=7 (11)
The ratio of the loads on the system when using the KP on KS methods will be:
28,
%n o (12)

Analysis of the interrelation of p n and o, for different m and N is illustrated
in Figure 2, and it leads to the conclusion that increasing the number of packets
(m) in a message leads to reduction of the 0 - With constant N, Increasing the
number of packets in the message which increases the number of service cycles

(r) leads to a reduction in the upper bound of ¢ __. Increasing the number of out-
going channels (N) from UK offersthe possibility of lowering the lower bound p

cm’

The results of analyzing Ooq Can be used to select the number of packets in a
message for the given number of outgoing channels from the UK.

Figure 2
Let us consider the variation of the average waiting times in the different
priority systems wnen using the KP method Gg;n), and let us compare them with
the mean waiting times for KS (WS). Here s is the priority system index, The
mean waiting time graphs were Eonstructed for the KS by the control systems
for them taken from [1].
The average message length broken down into packets will be:

Lom » (13)

flea P [
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For a system with fixed priority without interrupt it is possible to write:

P
fen Sen G-1) /fcn(j-i)*;z.‘] gcni./f’c::i. for o
MR G TRE BT i (14)
wcnP= $pet cas i-L'Pgu")
oo for P¢ »

where j is a minimum positive integer such that

e
1 :’:}gq, < I . (15)
i
_ (o ° » Qen <1 (16)
.L,n ={1—,‘.Z"‘JE?_: » ea 21,
Qeag-ty

p is the number of different classes of priorities.
The family of characteristics uwg and ucﬁwc is depicted in Figure 3.
™

For a system with fixed priority with interrupt for pmao, we obtain:

Sea 1 i :
o Pea L-Zp-tq‘”"‘(f‘c-r ’.Pu&)*i.ozp‘olqm‘w“i . (17)
cop 1.‘,2- Qecni ' P

oo P N P(j .

; m
The family of characteristics uwg” and uc,wz is depicted in Figure 4.
H) -n—p

For svstems of priorities with dependent delay, the mathematical waiting time
which is required for completion of servicing of the message broken down into
packets which is in processing, on entry of the new message into the system of
packets considering (10) and (13) will be:

g, (18)

tm ?

wcno-’? % }1—9

where WO=Z_‘. lpp/up is the mathematical expectation of the time which is required
1=

for completion of servicing of a complete message in processing, on entry of a
new message into the system [1]. The growth rate of the priorities b for the
system of priorities with dependent delay [1] for KP remains the same as for KS.

For the system of priorities with dependent delay without interrupt for

Osp  <r/g
e [
ws =wan0'/(i-gca)_é:‘ gc.m‘. Wr.ni(l'gi-/gp)
e 1‘%" Qeai(1-Bp/bi) (19)

The family of characteristics uwg and uérwznp is depicted in Figure 5.

For a system of priorities with dependent delay with interrupt for Osom<r/6
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_ The family of characteristics 1JW3Tr and u w3" is depicted in Figure 6.
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Analysis of the graphs in Figures 3-6 indicates that the mathematical expectation
of the time spent by the messages broken down into packets in the queue for KP is
appreciably less than the mathematical expectation of the time spent by the
messages in the queue for KS. It must be noted that for all the priority systems
- the messages broken down into packets have a finite value of Wer for all cate-
gories of priorities for saturation of the servicing device (p=l?. The applica~
tion of KP for the systems of priorities with dependent delay turns out to be
especially useful, for with KS for all groups of priorities they have W_-x
for p.=1, and for KP, for all the priority groups they have finite, insignificant
times spent by the messages in the queue,
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Analyzing the graphs in Figures 3-6 jointly with Figure 2 it is possible to draw
the conclusion that increasing N, m, B leads to a decrease in chp.
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SIMULATION OF PROGRAMMED CONTROL PROCESSES IN SWITCHING CENTERS
[Article by Ye. V. Konovalov, Minsk, pp 90-93]

The purpose of the studies of the control processes in the switching centers

(KU) is development of recommendations, methods and insatruments for the KU devel-
opers. However, active use of the results of these studies in design practice is
being held up for a number of reasons, among which inadequateness of the investi-
gated models for the design projects and noncorrespondence of the purposes of the
studies to the actual requirements of the developers are significant. In particu-
lar, the basic "product' of the researchers is means of calculating quantitative
parameters (numbers of devices, sizes of storage elements, and so on), that is,
parametric optimization means, at the same time as the basic problems of the
developers consist in selecting effective structures and algorithms for the
operation (SAF) of the hardware and software, that is, structural optimization of
the project. The SAF as the most conservative design elements must be selected
in the early design phases and not be changed insofar as possible.

One of the most complex components of the KU with program control is the internal
software (VPO). Analysis of a number of KU designs and publications [l] demon-
strated that defining characteristics of the SAF of the VPO include the following:

L composition of the actuating processes (IP);

- configuration of the communications with respect to transmission of requests
between the service objects and IP;

3 - configuration of the communications between the IP and the KU hardware;
Hy - IP resource distribution algorithms;
Y, - composition of the control processes (UP);
- Y, - configuration of communications for transfer of control between processes;
- Yq - configuration of communications between the UP and the hardware;

Y, - W algorithms.
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By the process (IP and UP) we mean the part of the VPO which is initiated when
transferring control with respect to some input. :

The service objects (#) for the IP are subscribers, the KU equipment and operating
personnel or signals (requests) detecting them, equipment elements (ferrodes,
monitoring circuits, directive registers, and so on). For the UP, the "objects of
service" are the IP and UP of lower level (Yj).

- The hardware mentioned in the M3 and Y. includes the control computer assemblies
which provide for operation in the multiprogram mode (processors, interrupt systems,
B timers, and request storage elements).

Each of the enumerated VPO characteristics is defined in terms of the values of
simpler quality characteristics (types of interrupt systems, timers, disciplines,
and so on) and quantitative parameters (the dimensions of the storage elements, the
priorities, and so on), which are elementary design solutions (EPR) for the
developer. The directional sort of the EPR considering their combinability,
researcher recommendations and, possibly, simulation results is the basic method

of synthesizing the SAF VPO for the developer.

The schematic for the formation of the design solutions for constructing the VPO
constructed on the basis of the morphological approach [2] confirms the extra-
ordinarily high dimensionality of the problem of SAF synthesis and the necessity
for decomposition of it -- isolation of partial problems of SAF analysis and
synthesis and partial models of the object (ChMO) corresponding to them. However,
the systems approach requires that in this case all the ChMO be representable in
the form of reductions of some general model of the object (OMO), where reduction
of the latter must be realized as a result of cutting out certain elements and
detailing others and the OMO communications.

Since the control in the KU is realized as a set of request detection processes
and dynamic distribution of the KU resources among them, only a queueing system
(SNO) containing all types of sources of requests, resources and interactions
between them which are characteristic of the KU as the object of simulation, can
be used as the OMO. Analysis of the known classes of SMO [3] demonstrated that
all of them are inodequate to the KU as the object of investigation, and the basic
cause for this consists in the fact that between individual types of KU resources
there are dominance ratios which d~ not exist in the known SMO classes. There-
fore it is proposed that the SMO of the tvpe presented in the figure, hereafter
called SMO with nonuniform resource and dominance (SMO NRD), be used as the OMO.

The SMO consists of some number of sources (L) of requests and the service junction
(U0), which, in tumm, contains storage elements (N) and service devices of the
following types: processors (P), sets (K), markers (M) and registers (R). The
dominant devices are P which participate in servicing all the requests and for
some of them realize search for a free and available device of the K, M or R type,
using it (7) and release of it (8). The requests occurring in I are detected via
the interrupt systems P or by scanning and they go to the UO directly (1) or
through the N (4,3). The N are also used to store (2) the requests, during the
servicing of which planned or random interrupts occur. Certain types of K are
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converted to I (6) when busy. Assignment of arbitrary numbers of the types of
I, N, P, K, M, R and the quantities of elements of each type is possible.
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The sequence of executing the IP with respect to single requests of each type,

the procedure for use and release of the required U0 resources, the rules for using
the N and departure of the requests from the system (5) are given by the flow
charts (TS) [4]. The control strategies (SU) give the resource distribution
algorithms of the UO under load conditions and in accordance with the TS. The
characteristics Hy-Hq form the TS, and e ¥r44, the SU.

In addition to the enumerated '"large' components, the description of the OMO also
contains groups of parameters characterizing the behavior of its individual ele-
ments. For example, for description of each group of uniform I, assignment of

the following parameters is required: the number of I in the group, the number of
requirements in one I, the sign of the fact that the I of the given group is
formed from K elements when they are busy, the sign of activity (the request
causes an interrupt or is detected during scanning of the I), the tyve of genera-
tion time distribution, type of impatience fumction, the characteristics of the
indicated functions.

Thus, all tvpes of service objects and KU resources (the switching bank is repre-
- sented in terms of the availability parameters of the K), and also all of the
above-enumerated charact.ristics of the SAF of the VPO have found their reflection

in the given model. Consequently, the described SNO of the NRD is adequate to
the KU as the object of investigation and the goals of the VPO developers.
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The protlem of the applicability of the proposed model is solved as follows.

1. Realization of the OMO in complete volume is meaningful only as a system of
automating the design of high-level KU permitting the developer to compare ele-
mental and complex design solutions matched with some system of forming them.
The low recurrence rate of the solution of the synthesis problem of the SAF VPO
makes this application of it highly problematic.

2. Realization of the ChMO containing all of the OMO elements is possible, but
a limited number of versions of TS and SU, namely, the versions which describe the
possibilities of the specific KU design system.

This realization, which is a simulation system with the dialog mode can be used
for complex parametric adjustment of the installed KU for specific operating condi-
- tions.

3. Using the OMO jointly with the system for formation of the design solutions,

by reduction of it it is possible to obtain the ChMO permitting realization in the
form of analytical calculation schemes or simple simulation models describing the
"elementary" processes in the KU. Considering through the OMO the influence of
other processes on the investigated process, it is possible to obtain highly relia-
ble recommendations with respect to efficient rcalization of it
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. CONSIDERATION OF THE LENGTH OF TRANSMITTED MESSAGES FOR ROUTINGS IN CHANNEL-
SWITCHED NETWORKS

[Article by N. I. Kuznetsov and O. N. Romanov, Moscow, pp 94-97]

Traditional routing algorithms in channel-switched networks (KK) do not consider
the busy time of the channels when processing the next call inasmuch as this

time, as a rule, is unknown when the call comes for processing. Another situation
is observed when using the KK mode in computer communications networks where
exchange is by messages of previously defined length and, consequently, the service
time of the messages by the communications channels is known. It appears natural
that consideration of the length of the transmitted messages (calls) and, conse-
quently, the busv time of the channels orocessing them when solving the routing
problems and the problems of load limitation can give an increase in operating
efficiency of the network. For example, if the length of the sent message is
small with respect to the average length of the messages in the network, it is
obviously possible to send it over a bypass path; if the length of the message is
long, this solution leads to inefficient use o: resourcas and a reduction in out-
Z put capacity of the network.

In reference [Ll] a very reasonable routing method is proposed which consists in the
fact that for message transmission through the network the path with minimum cost
is selected. The path cost is defined as the sum of the cost of the sides (the
routings) on this path. The cost of a side is calculated as the mathematical

- expectation of the number of failures in this side as a result of the fact that

the given message is received for servicing:

- di={apalnt it 1)-pa(nt/i]dt, (1)
9
where \0 is the intensity of the traffic flow to the side;
n is the number of channels in the side;

pn(k,g/i) is the probability that k channels on the routing will be busy at the
time t under the condition that at the initial point in time i channels were busy.

Let us consider the routing as a multiple-queue queueing system. We shall consider
that the lengths of the messages reaching the routing and, consequently, their
servicing times in the channels are distributed by an exponential law. Under

the assumption of the simplest traffic flow to the side, the probabilities
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pn(k,t:,i) are solutions of the corresponding system of Kolmogorov-Chapman
ordinary differential equatioms.

Below, the authors have proposed a generalization of formula (1) to two cases of

considering the length of the transmitted messages when solving the routing prob-
lem,

Let us determine the cost of transmitting a message of length L over a routing of
n channels under the condition that at the time t,i channels are busy for a random
time distributed by an exponential law as

-0

A’ (1)=] A[Balrt firt,)-pa(n. b/} dt, )

where ﬁn(n,t/i+l,9.) is the probability that all n channels will be busy at the
time t under the condition that at the initial time i channels were busy, and the
(i+1) channel is busy for the time {.

It is easy to reduce formula (2) to the form

" ’ l
d;(ﬂ-l; [Pn-s (n-1,t/3) ~pa(n.t/if) dt +

! [%?nji Gl P b - pa ()t (22)

where all the probabilities are solutions of the corresponding Kolmogorov-
Chapman systems. It is possible to obtain the value of dy"(%) in explicit form
for a specific value by solving the corresponding Kolmogorov-Chapman systems and

further integration. Figure 1, a, b, ¢ shows the form of these functions for the
cases n=1,2,3.
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For %+~ the function d";(2) approaches an asymptote, the slope and the displace-
ment of which depend on the flow intemsity. The slope is identical for all i.

In the case where at the time of aopearance of a message of length 2 the times
byy Doy vees b; of completion of servicing of the calls using busy channels are
known, formula (1) assumes the form:

d"(£.60.bs..... B) ;ﬂ[ P (t/i04,64,.,60,0)-pa (/164,80 , (3)

where the variable of the type p,(t/i, bl,...,b-) is the probability that all
n channels in the side will be busy under the condition that at the initial point
in time j channels out of n were busy for the times bl""’bj'

mey 124

The values of dy ', just as d;, can be obtained in explicit form for the specific
values of the parameters entering into formula (3). Figure 2 shows the form of
the function d"' for n=2.

U/

Figure 2

It is possible to introduce the average cost of messages serviced by the network
into formulas (1), (2), (3). 1In this case it is possible to consider d'i, a"y,
d"'; as the total cost of the messages which will be rejected as a result of
servicing the given call. This permits use of not only the number of lost calls,
but also their total length as the purpose function, which has great significance
when optimizing the volume of information transmitted by the network. In the
general case the message costs and the purpose function can be arbitrary.

It is necessarv especially to note that the discussed approach permits solution
of both the routing and the load limitation problems. Actually, when determining
the message transmission routing, a path is selected with minimum cost, that is,
with minimum losses. If the expected losses are greater than the cost of the
transmitted message itself, then it is rejected and, thus, the load limitation
problem is solved. The authors performed a statistical simulation of a network
with KX for the three enumerated methods of determining the cost of sending a
message over the channels. For simplification of the statistical model it was
proposed that the intensities of the level of messages in all channels are equal
and commensurate with the intensity of the calls in the network as a whole.

The operating efficiency of the network was estimated by the reject coefficient
(Krejecc) which is the ratio of the number of messages which will be rejected to
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the total number of messages reaching the network, and the loss coefficient
(K1psg) which is the ratio of the sum of the lengths of the messages which were
rejected to the total length of all messages.

The simulation demonstrated that in the case where the cost of sending a message
was determined in accordance with formula (2), Kreject and Ky .o decreased by
15~20% and 5-10%, respectively, by comparison with™ the case where the cost of
= sending was calculated in accordance with formula (1), that is, when the message
length was not taken into account at all when determining the cost of sending it
through the communications channels.

Consideration of the time required to complete servicing of the messages which are
already being serviced on the routing at the time of arrival of a new call (cal-
culation of cost in accordance with formula (3)), further reduces Kreject and
Kioss by 15-20% and 5-107%, respectively.

The representation of the mathematical expectation of a routing as a multiqueue
queueing system determines the formulas for calculating the cost of sending
messages in the network and the load limitation criteria. The performed statisti-
cal simulation confirms the correctness of the approach consisting in considering
the lengths of the sent messages to the solution of the routing and load limita-
tion problems.
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- INFLUENCE OF CONTROL FUNCTION DISTRIBUTION ON OUTPUT CAPACITY OF A MULTIPROCESSOR
CONTROL COMPUTER

{Article by S. Sh. Kutbitdinov, Leningrad, pp 97-100]

One of trends noted in the construction of the control systems of switching cen-
ters with programmed control is use of multiprocessor control computers (EUM)
consisting of two or more processors having a common memory.

In reference [1] a study is made of the basic versions of the structural organiza-
tion of two-processor EUM. A synthesis is made of the structural organization of
the two-processor EUM bv the criterion of maximum output capacity, by which we
mean the maximum number of calls which can be serviced by the control system per
unit time with given service quality.

The quality of servicing a call is determined by the probability of its loss and
will be wichin the admissible limits if the probability Pj g does not exceed a
given value, that is, 1f the condition PlossfPad‘ Therefore in accordance with
the definition of output capacity, it was demonstrated that

n(pnar)=(1'va )An
(D)
Kev: 1. loss
where ) is the intensitv of the arrival of calls at the switching center.

For each of the investigated versions of structural organization of a two—-processor
EUM, expressions were obtained for the probability Pj,gq under the assumption that
the scanning functions of the line, patch cord and order circuit svstems are not
realized by processors making up the two-processor EUM.

As a result of the performed analvsis the best versions with respect to output
capacity turned out to be the versions of structural organization of a two—
processor EUM operating in the time-sharing mode for the load and in the function-
sharing mode.

The choice of the two-processor EUM :au be based on the fact that this type of
control svstem is quite widely used in practice. The two-processor configurations
are elementary structural parts from which significantly more complex multi-
processor structures can be assembled.
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In the given paper a study is made of the influcnce of the distributlon of the
control functions on the output capaclity of the two-processor EUM operating in
the function-sharing mode, for which the functions realized in this phase of

- servicing the call are divided into two groups. Each group of functions is
realized by one of the EUM processors; therefore the servicing of a call consists

- of two phases. The influence of the call processing function distribution between
the two EUM processors on the output capacity of the entire control syutem is
investigated considering performance of the functions of scanning the line, patch
cord and order circuit systems by the processor of the first call service phase.

The mathematical model of the investigated version of the structural organization
of a two-processor EUM can be represented in the form of a single-queue two-phase
queueing system (SMO) with simplest input flow of requests of intensity A=NA

(¥ is the number of call servicing steps), with unlimited queue ahead of the
second phase and exponential service time distribution in each phase with intens-
ity u.

When servicing the call, part of the speed (v) of the EUM will be spent on per-
forming the scanning operations; therefore the intensity of servicing the calls
during processing can be represented in the form

N -k 2

Pogl.- Kod '

- Key: 1. processing; 2. scanning

where Kscan is the average number of operations per unit time spent by the EUM on
- scanning the line, patch cord and order circuit systems; Korocessing 1S the
average number of operations spent by the EUM on processing one call.

. . —t " : :

For the investigated two-phase SMO, Kscan'K scan'X scan’? but since it was noted
that the scanning functions are performed onlv by the first phase processor,
K'"scan=0.

ir =K' X where K is the average
For processing a_call Kprocess grociss grocgis’ - REOSESS : g
number of operations spent on protessing one call by the fir§t phase processor;
K“process is the number of operations speat on processing the same call by the

- " a ated to th
second phase processor. The values of K process and K process re relat e
value of K-process by the expressions:

K haKos . Kl = (o) Kos
Key: 1. process

where 1 is a coefficient giving the distribution of the call processing functions
between the two servicing phases (processors) (0<u<l).

Tor the described two-phase SMO, the expression was obtained for the call loss
probability Ploss in the form:

106

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000500030035-5



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000500030035-5

FOR OFFICIAL USE ONLY

(Y
(22‘ e‘(A ‘A)'](qoz

of ~(8-M) Tyon [e-u-s)w,.,._ A

A-A
ABC

Key: 1. ad; 2. loss

where P PoX (1)

A= — ., ?J"a"aﬁ(é)

Key: 1. scan;2. process

Toq is the admissible time the request spends in an individual call servicing
step.

From the obtained expression it is obvious that for a fixed value of Kscan’ by
varving the value of a it is possible to obtain different values of Py .- Using
the initial data close to the actual data, a numerical calculation was performed,
and the functions Py, (%) were constructed for fixed values of Kgoan-

Investigating the influence of the value of a on P,/ for a fixed value of Kscan’
an optimal value of (a*) was found for which Ploss ai§=min Ploss(a), that is,

the value of a*(Kg.,,) determining the optimal distribution of the call processing
functions between the EUM processors.

Thus, from what has been stated it is possible to draw the following conclusion.

1. Creat achievements in the field of microprocessor engineering have led to

the appearance of distributed and mixed methods of program control in the switch-
ing centers for which the performance of individual call processing functions is
invested in individual microprocessors or specialized processors. Therefore it
is necessary to develop a procedure for optimal distribution of the call process-
ing functions among several processors to increase the autput capacity of such
control systems.

2. The performed study of the operation of a two-processor EUM operating in the
function-sharing mode demonstrated that the distribution of the call processing
functions among processors greatly influences the output capacity of the entire
EUM.
3. The developed method of optimal distribution of the call processing functions
among processors can be extended to multiprocessor EUM which contain more than
two processors with identical speed having a common memory.
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ROUTING ALGORITHMS AND COMMUNICATIONS QUALITY IN A MULTIPOLAR DATA TRANSMISSION
- NETWORK

[Article by N. P. Krutyakova, Leningrad, pp 100-103]

For breakdown of the overall problem of designing an optimal multipolar commun-
ications network it is possible to isolate the problems of synthesizing the net-
work control in an independent class [1]. The algorithms for the solution of

these problems can make up the software for the network control centers during
operation of the network and also be used in the automated communications network
design system and the network control system.

The problems of synthesizing the communications network control in general and
data transmission network (PD) in particular, belong to the class of mathematical
programming problems. Very frequently the probability of timely delivery or qual-
ity of communications Q is used as the purpose function in them. The form of the
purpose function Q of the network essentially depends on the traffic flow routing
algorithm. Thus, for strict solution of the problem of control synthesis it is
first necessary to solve the analysis problem: to determine the analytical
expression Q as a function of the load characteristics of the network, its struc-~

_ tural parameters and routing algorithm., For this purpose, a study was made of a
tripolar network as the elementary cell of a multipolar PD [data transmission]
network, the more so in that it is possible to propose structural stability of the
results of investigating such a network and extension of these results to networks
with a large number of junctions [2].

Three routing algorithms were considered: message distribution by fixed routes
(1), a set of fixed routes with probabilities {pi. } where Pisq is the probability
of transmission of messages over the q-th path from the e}dst‘}.ng '-'fi paths
between i and j junctions of the network (2), the distribution of me3sages using
bypass routings when one basic and several bypass routings are defined for each
message flow Aj: in the network, but the bypass routings are used if it is
impossible to uSe the basic routing (3). The basic assumptions are as follows:
the message flows in the network are Poisson; the switching centers (UK) and
communication branches (VS) are absolutely reliable; the information aging time
and the message service time are distributed by an exponential law with intensi-
ties vy, Ui, respectively, for the i-th VS; the service type in the VS is with
rejects (0), limited waiting (00Zh), and unlimited waiting (0Zh); the messages
serviced through a tandem junction in the network with rejects occupy two commun-
ications channels simultaneously (for a tripolar network); here
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Catk2=Ceri s> s=1,2, [3], and, consequently, by =minui. , s=1,2, where Cagis is
the operating carrying capacity of the VS between Sthadf-th and j—th junctidns

of the network, i,j€ {1,... N}, N is the number of network junctionms. As has
already been noted, the problem consists in determining the analytical expressions
for the communications quality Q for a network with the same topology, but differ-
ent network algorithms for servicing the messages or routing algorithms.

The assumptions made with respect to the nature of the processes occurring in the
network permit consideration of it as a Markov type queueing system. The method
of solving the problem consists in comstructing phase spaces of the Markov model
of the network for different routing algorithms and finding the probability vector
of different states of the network under steady-state conditions, P=(Pi), i=1,k
determined from the equation P=PW [4], where Py is the steady-state probability

of the i-th state of the Markov model of the network; k is the number of states

of the Markov model of the network; W is the matrix of transition probabilities of
states of the network. The transition matrix elements W are calculated by known
procedures for a queueing system [4, 5]. Q is defined after finding the vector P.
Thus, for the PD network with rejects when N=3, v;=0, i=1,3, the communications
quality Q for the following methods of message servicing was determined:

a) The message distribution over the direct (shortest) routings between network
junctions (algorithm 1):

5
' i > Jal —
Q :Z‘ Q + where )\ =Zl .- o ,u=1,5
1 i,-{ x: v 2 1 Y O; j“ﬁl; L v Yy
7 \j is the message flow intensity in the i-th VS,
For a uniform network when };=%, UyTUs i=1,3,
]
_ Qlo—f\cl
b) The message distribution when using a tandem routing for one of the flows
vy, 1€11,2,3} (alzorithm 1):

[ Z Mo din o,

’ l'lLﬂOg <K, L gak’
' ks .
4 kek', 'S 1
kel
where j'j=mn {r ;} AR 1.2, is the message service intensity in the

corresponding branch entering into the tandem routing.

For a uniform network
2
o dpAedp

W, s>
to slll‘_gr'l.brl
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¢) The message distributfon when using probabi{lity distribution of one ot the
flows };, i€{1,2,3}over possible routings (algorithm 2):

QL:.;.[Z —:‘iOk*{-ﬁOL(le-A+M I Ok}
¥ 2

k=t’, Az Az

kg Wi
where A=i+ gl-:n),l; T
J“J heb', ’

x is the part of the messages of the flow serviced over the direct routing.

For a uniform network

LAt | xp
G20 = 3 (pea) + (-2 * Js.).)

2

d) The message distribution when using bypasses for one of the flows A,, iel1,2,3}
(algorithm 3):

L Akg L Aeqopre At

Q[ Z, Fonr A Z

k'ei ) T

where ) fivds AL

A=ty A= = 1 Q.
P‘+J.L’AL PJ kek

Ko

For a uniform network when ui=u=1,,\i=k, i=1,3

3ateua2
=5 - .
3 13.51",6]02

For the network with N>$ and "ij#ov i,je{l,...N}, Q was determined when using
a Markov model of the network with absorbing states. In this case Q of the net-
work is represented as a function Q of the VS and the routing algorithm.

Studies of the network Q as a function of X./ui made it possible to discover the
advantages of one routing algorithm or anotﬁer for different network loads and
also the behavior of the functional Q. Thus, for example, the studies demon-
strated that Q3;Q' in the entire investigated range of low variation. This is
also confirmed anaiytically. In [2] it was determined that for A>1l in a uniform
network the communications quality when using bypass paths for all flows is less
than Q' 0 that is, there are limiting loads in a tripolar uniform network for
which a}gorithm has has no advantage. Considering what has been discussed, it
is obviously possible to talk about the maximum number of flows in a nonuniform
network, designation of bypass routings for which retains the advantages of
algorithm 3 in the entire range of load variatiom.
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The solutions of the enumerated analysis problems permit transition to the solution

of the problems of synthesizing the control algorithm by the criterion of max Q.

In particular, exact analytical expressions are obtained for the parameters of

algorithm 2 in a tripolar network where a defined ratio of network parameters was

obtained Waiaé(Ql-(lz/pl)Qz)zQB, only on the satisfaction of which is it expedient
- to use algorithm 2 as compdred to algorithm 1.

The obtained expressions for Q and their analysis permit exact solution of the
problem of message flow control synthesis or determination of the class of optimal
control algorithms for the network structure and message flows for various load
characteristics of the network in order to insure max Q.
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STRUCTURAL *RINCIPLES OF AN AUTOMATED DESIGN SYSTEM FOR INFORMATION DISTRIBUTION
SYSTEMS AND DEVICES

[Article by V. G. Lazarev, N. Ya. Parshenkov and Ye. I. Piyl', Moscow , pp 104-
106]

[Text] Progress in the field of communications, computer engineering and micro-
electronics has led to significant development of information distribution sys-
tems. The information distribution systems (communication systems) represent an
example of complex systems, and they include the channels and channel-forming
equipment, information transmission interception means, switching equipment and
other devices providing for the transmission and distribution of various infor-
mation among the sources and receivers (users).

At the present time computer engineering means are finding broad application in
communication systems. This is leading to a qualitative change in the struc-
tural principles of both the communication networks and the control systems in
the communication centers and nerworks. A new system with programmed control
has come to replace the crossbar switching centers (UK) with register-marker
control. In the new system the processes of servicing the requests to set up
calls are controlled by programmed devices, the nucleus of which at the medium-
and large-capacity UK is made up of control computers (EUM) analogous with re-
spect to structural principle, operation and capabilities to the most modern
computers. At the low-capacity UK, microcomputers and special control units
(UU) in the form of microprogrammed UU are finding broad applicationm.

The UK with programmed control create good prerequisites for accelerating the
introduction of dynamic control of information flows on the communicatioms net-
works ensuring a significant increase in the efficiency of the use of the chan-
nel and switching equipment by comparison with the presently used static infor-
mation distribution as a result of redistribution of the flows with a change in
situation on the communication network. Thus, at the present time the control
system is an independent, quite highly organized element of the communication
system based on broad application of complex control devices and modules.
Therefore the design of the control system as a whole and its individual devices
is becoming such a labor-intensive, complex process that it does not appear pos-
sible to construct a sufficiently efficient control system for a modern communi-
cation network manually, using only design experience and intuition.
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The design of other elements of a modern communication system (the structure of
the communication network with selection of the channel group capacities and/or
their carrying capacities, the structure of the switching system of the UK) also
requires the application of computers.

Consequently, at the present time it has become necessary to build an automated
design system for information distribution systems and devices (ASPRI).

When building the ASPRI, undoubtedly it is necessary to consider the existing
experience of a number of organizations with respect to developing automated de-
sign systems (ASP) for individual elements of the communication system (the au-
tomated design system for network structure, the automated system for calculat-
ing call losses in the switching system, and so on).

However, in our opinion it is necessary to create not individual automated sys-
tems for designing and calculating the parametzrs of the network elements or UK,
but an integrated ASP constructed on a unitel procedural base. The creation of
the integrated ASPRI even with staged design of the communication system will
permit consideration of the interrelaticn of its individual elements. The
structural principles of the integrat:=d ASPRI during the development of which
research experience at the IPPI of the USSR Academy of Sciences with respect to
automation of the design of individual elements of a communication system are
discussed.

Considering the properties of the communication system and the capabillities of
modern computers, it is expedient to construct the ASPRI in the form of a multi-
modular hierarchical structure. Here the ASPRI is an open system and permits
inclusion and/or replacement of its individual functional modules (subsystems).
The structural principles of the ASPRI and its individual subsystems have been
developed as applied to the channel switching network. However, the ASPRI per-
mits inclusion of the required subsystems and modules for consideration of the
specific nature of the design of the message and packet switching networks.

The ASPRI includes four subsystems: the design of the communication network,
the selection of the optimal flow control algorithms, the selection of the ar-
chitecture of the control system and design of the EUM.

The ASPRI operation system is a four-level hierarchical structure. The first
(highest) level includes the chief monitor of the system, the control and ser-
vice programs providing for the choice of one of the subsystems in the dialogue
mode. On the second level (the subsystem level) there are subsystem monitors
and control programs for the subsystem providing for the selection of functional
modules in the dialogue mode permitting the design of quite powerful devices of
the communication system (for example, the design of the communication network
topology, the microprogram UU, and so on). The monitor and the control programs
of the functional module providing for selection of the functional modules are
located on the third level (the functional module level).

Each of the functional modules designed for solving a specific problem (encoding
the internal states of the automaton, selection of the channel distribution
method, and so on), has a monitor and fourth-level control programs which pro-
vide for inclusion and operation of defined functional design programs.
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The given ASPRI does not fmpose special requircments on the requestor with re-

spect to knowing formalized languages or design methods.

cates with the ASPRI in Russian, using terms and concepts
der these conditions, for simplification of the operation
lators, the "active designer-passive requester" principle

The developed structural principles of ASPRI permit broad
age elements and archives.

The resident part of the operation system of the ASPRI is
which takes a small amount of the ready-access memory of the
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INTRODUCTION OF A METHOD OF SETTING UP CALLS WITH ALTERNATIVE ROUTINGS ON
RURAL TELEPHONE NETWORKS

[Article by Yu. V. Tazarev and S. A. Krasnov, Moscow, Rostov , pp 106-108]

[Text] As is demonstrated in a number of papers {[l, 2], one of the possible
ways to improve communications quality and reliability is the introduction of a
method of setting up calls with bypass routings combined with dynamic distribu-
tion of the call flows. However, up to now the structure of the rural telephone
networks (STS) provided for by the process design norms did not permit the pos-
sibility of introducing the bypass method of establishing connections, for the
STS was constructed by the radial-nodal principle. 1In addition, ATS [automatic
telephone offices]), the control units of which did not have the possibility of
implementing the method of setting up calls with bypasses, were used in
the STS.

At the present time, in the presence of significant gravitation between ATC
dn the STS the Process Design Norms provide for the organization of transverse
couplings between the ATS of the same level, which, in turn, permits organiza-
tion of bypass routings from the point of view of the construction of the STS.
However, the equipment of the ATS widely used at the present time on the STS
(ATSK 100/2000, ATSK 50/200), with the exception of the ATSK 50/200 M, does not
permit organization of the method of setting up calls with bypass routings on the
STS.

During studies of the efficiency of introducing the method of setting wup

calls with bypasses and dynamic control, more attention was given to the
long-distance (MTS) and municipal telephone networks (GTS) than the rural tele-
phone networks which can be explained by the restrictions imposed by the struc-
ture of the STS and the ATS used in the STS on the possibility of introducing a
bypass method of setting up calls.

In the example of one of the STS, a study is made of the problem of the expedi-
ency of introducing the method of setting up calls with bypasses and dy-
namic call traffic distribution on the rural telephone networks.

Results are presented from observations of the load variation between individual
automatic telephone offices. The main conclusions which can be reached on the
basis of the measurement data consist in the following:
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a. during the day the load is subject to significant fluctuations;

b. the peak load hours (plh) on individual service routings do not coin-
cide with respect to time of day;

c. the time of occurrence of the plh on individual sevrvice routings re-
mains invariant for different days of the week;

d. the increase in load on the STS begins at 0800 hours, and the decrease in
the traffic is observed beginning at 1700 hours;

- e. the nature of the load variations on individual service routings basi-
cally depends on the nature of the production activity of the subscribers in-
cluded in the automatic telephone offices between which the given routing is or-
ganized.

In order to discover the possibility of introducing the method of setting

up calls with bypasses and dynamic call traffic distribution in the investi-
gated STS, on the basis of the obtained loads, a check calculation was made of
the quality of servicing the calls. The calculation was performed on the basis
of a method, the description of which is presented in [3]. Here the calculation
was performed for three cases: for the method of setting up calls

out bypasses, for the method of setting up calls with bypasses and for
dynamic distribution of the call traffic based on the method of limiting the
tandem load during overloads when a threshold is established for the tandew
traffic in the form of the number of busy channels, on exceeding of which it is
forbidden to send tandem calls over the given routing, that is, it is forbidden
to use the given routing as a bypass routing.

The given check calculation demonstrated that with the introduction of the
method of  setting up calls with bypasses, noticeable improvement in the
quality of servicing the calls is observed. In addition, analysis of the ob-
tained results demonstrated that a still more noticeable effect in improving the
quality of servicing the calls will be otserved on introducing dynamic distribu-
tion of the call traffic.

During the process of performing the check calculation, a section of the STS was
discovered in which the losses with the method of setcing up calls with=-
out bypasses at certain points in time significantly exceeded the normative val-
ues of the losses.

With the introduction of the method of setting up calls with bypasses,
the losses between the automatic telephone offices in the given section, al-
though they decreased, still remained above the losses provided for by the
norms. On introduction of dynamic call traffic distribution on the basis of the
methods of restricting the tandem load during overloads, the losses obtained
during the calculation process turned out to be lower than the normative losses.

In order to organize the method of setting up calls with bypasses, a

correction was made to the automatic telephone office equipment used in the in-
vestigated STS.
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In particular, a module for organizing bypasses was introduced into the outgoing
stage markers, by means of which the calls not traveling over the direct path

- (the first choice path) because of all the channels being busy in this group
were not lost, but were directed to the bypass routing (the second choice path).

Considering certain difficulties in introducing a completely automatic system of
dynamic call traffic distribution on the STS in view of the presence of a cross-
bar-type automatic telephone office on the network, the dynamic distribution of
the call traffic was organized by a schedule considering the plh on individuval
service routings.

By calculating the quality of servicing the calls, the optimal schedule was se-
lected for limiting the tandem flow of calls for which the losses obtained at
any point in time are below the normative values of the losses.

- When selecting the schedule, the method of selecting the optimal call flow dis-
tribution plan was used [4].

Then an experiment was run on the investigated section of the STS which demon-
strated that on introduction of the method of setting up calls with by-
passes in combination with the dynamic call flow distribution elements, the call
losses between the automatic telephone offices decreased.
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INFLUENCE OF THE CARRYING CAPACITY OF SWITCHING CENTERS ON DYNAMIC CONTROL EFFI-
CIENCY

[Article by Yu. V. Lazarev and I. V. Nikiforova, Moscow , pp 109-111]

[Text] One of the means of improving the use of communication channels and
lines and at the same time more efficient use of the communication network
structures is the introduction of dynamic call traffic distribution. However,
as was demonstrated in a number of papers, for example, in [l, 2], depending on
the structural principles of the communication network, its operating condi-
tions, various methods of dynamic control can give different effects. Thus, in
{2] it was demonstrated that the game method of dynamic control as applied to
the structural principle and operating conditions of the city telephone networks
(GTS) is preferable over, for example, the relief method. This is explained by
the fact that considering the peculiarity of the structure of the GTIS (signifi-
cant connectedness of the switching centers and restrictions with respect to
losses), it is expedient to use only the paths which pass through one tandem
switching center (UK) as the bypass paths. Under these conditions, for the re-
lief method the criterion for selecting the path of setting up calls

for which the path length expressed in the number of tandem sections is used,

- all of the bypass routings will be equivalent. By the game method, the crite-
rion for selecting the path of setting up calls, is the probability of
setting up the call. Accordingly, in the game method the bypass rout-

- ings for setting up calls will not be equivalent, and they are clas-

sified as a function of the probability of setting up the call.

It must be noted that up to now the efficiency of introducing one method or an-
other of dynamic control has been investigated without considering the carrying
capacity of the UK, at the same time as it is possible to expect that the carry-
ing capacity of the UK will have significant influence on the efficiency of in-
troducing various dynamic control methods. In order to determine the influence
of the UK carrying capacity on the effectiveness of introducing one dynamic con-
trol method or another, a number of GTS networks have been simulated in which
the structural principles and operating features of the GTS were taken into ac-
count. For comparison a study was made of the static distribution of the call
flows and two dynamic control methods: the relief method and the game method.

The results of simulating the GTS networks are presented which confirm the as-
sumption made previously that the carrying capacity of the UK has significant
influence on the effectiveness of introducing various dynamic control methods.
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Analyzing the results obtained, it is possible to draw the following conclu-
sions:

a. introduction of the relief method improves the quality of call servicing in-
significantly by comparison with the static call traffic distribution. Intro-
duction of the game method leads to more noticeable improvement of the call ser-
vicing quality by comparison with static distribution than the relief method;

b. with a decrease in carrying capacity of the UK, the effect from introducing
the dynamic control methods decreases;

- c. on introduction of different carrying capacity for different UK, a signifi-

cant difference is observed in the results obtained for the game method and the
relief method. Here the average network losses obtained for the game method are
less than the average network :osses obtained for the relief method.

The fact of a decrease in the effect from introducing dynamic control methods
with a decreasing carrying capacity is obvious in general. Decreasing the car-
rying capacity of the UK for tandem call traffic, at the same time we exclude
the possibility of using bypass routings which, in the final analysis, also has
a negative effect on the call servicing quality.

The fact that for a different carrying capacity of different UK with the game
method of dynamic control significantly smaller average network losses are ob-
tained than for the relief method is explained as follows. As has already been
pointed out above, the path selection criterion for establishing the connection
in the relief method is the path length expressed in the magnitude of the tandem
sections. From the point of view of the given criterion all of the bypass rout-
= ings for serting up calls are equivalent, although these routings differ
- significantly with respect to carrying capacity. The difference in carrying ca-
- pacity is explained by the fact that each bypass routing consists of three sec-
tions (channel group, tandem UK, channel group) characterized by their carrying
capacity, and the carrying capacity of the entire route will be characterized by
- the least of the carrying capacities making up the given bypass route for
setting up the call. Thus, if the carrying capacity of the channel routes is
greater than the carrying capacity of the UK, with the relief method a nonopti-
mal plan for distribution of the call traffic can be formed.

By the game method, the criterion for which is the probability of setting

up the call, differences will be discovered in the carrying capacity of dif-
ferent bypass routings and calls will be directed last to the bypass routings
having the least carrying capacity. The obtained results permit the conclusion
to be drawn that when estimating the efficiency of introducing one method of dv-
namic control or another, it is also necessary to consider the carrying capacity
of the UK. Failure to consider this factor can lead to a significant error when
estimating the effectiveness of introducing one method of dynamic control or an-
other.
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APPLICATION OF THE METHODS OF DYNAMICS OF MEANS FOR ESTIMATING THE EFFICIENCY OF
DYNAMIC TRAFFIC CONTROL IN NET%ORKS WITH QUEUES

{Article by Yu. A. Lev, Kiev , pp 111-113]

[Text] 1In [1], a study was made of the possibility of using the method of dy-
namics of means [2] for analyzing networks with queues. The discussion is con-
ducted using the example of a message-switched (KS) network. The problem
reduces to solving a system of differential equations with respect to the number
of messages in different parts of the network, that is, the lengths of the mes-
sage queues. Here the primary problem is determination of the system coeffi-

- cients in each step of solving the system of differential equations for the in-
vestigated control algorithm. The coefficients are the message traffic intensi-
ties directed to each branch of the network, the flows of branch releases, and
the outgoing message flows from the network. A procedure is proposed for deter-
mining the indicated values.

A

Figure 2.

Let us consider the example of a KS network depicted in Figure 1. Figure 2
shows the graph of the states of the message circulating in the network. The
aumbers | to 4 denote the incoming states of the message to the corresponding
network junction, the number 5 denotes the outgoing state of the message from
the network. The numbers 6-15 denote the states of the message in the queue and
being serviced in the corresponding branches of the network.
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Let us make the following assumptions. The external traffic flows of the net-
work are Poisson. The message lengths are distributed by an exponential law and
are determined independently in each junction (the hypothesis of Kleinrock inde-
pendence). The flows of releases of the branches are Poisson with intensities
equal to the corresponding intemnsities of the input flows of the branches if the
branch load is less than one (the Bern theorem)., Otherwise the flow of branch
releases is Poisson with intensity equal to the carrying capacity of the branch.
All of the partial flows running through the given branch are limited to an
equal degree. Thus, all the processes occurring in the system described by the
graph (see Figure 2) are Markov. The system of equations for the average num-
bers of states of the message (average lengths of queues) look like the follow-
ing:

dM¢

Tt M T Aa Mt Myt by ™y T

“Apemi~Aym -4 “"‘-x'li.smt;

dm5 (1)

dt alk5mt+iLsml*lxsms*lKSMH)
dm

zﬁ:=lusmt-lazmb3

dms

-dt—":lk.is my-Xgyms,

where A is the intensities of the external loads of the flows of message rout-
ings for servicing to the corresponding branch, the flows of releases of the
branches and exit of the messages from the network; m are the mean numbers of
states of the message.

All the coefficients of the svstem (1) are defined for a fixed plan of traffic
distribution when calculating the right-hand sides of system (1). The location
of the input flow intensities Xinp and output flow intemsities Ayyp for each
branch which are related by an expression of the following type is basic:

\out = “Ainp; a s 1.

The remaining coefficients are defined in terms of Ajpp and Agyt for each branch
in terms of the traffic distribution plan. The values of Ajpp for each branch
are defined as the sum of the intensities of partial flows coming into each

branch considering the flow distribution plan. The values of u« are found by
solving the following system of linear algebraic equations:

di = Ci/linpi; i= l, ee ey M, (2)

where C; is the carrying capacity of the branch i; M is the number of network
branches; if Ci/\inpi > 1, then a4 = 1.
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The solution of system (1) fn one step takes place Lfor a Lixed traifle Jlstribu-
tion plan. On transition to the next step of the solution of the system (1) a
correction is made to the flow distribution plan if necessary using the investi-
gated flow control algorithm. Here it is mandatory to use an algorithm to elim-
inate possible loops in the routings or the algorithm to get out of the loops,
for when solving system (2), each flow is taken from the source center to the ad-
dressee center; on occurrence of a loop in the routing the program for solving
system (2) will loop. Any method can be used to solve systems (1), (2). Here,
in addition to the values of the mean lengths of queues in the branches, the
mean values of the total lengths of queues throughout the entire routing can be
obtained and, consequently, the values of the mean message delays for each con-
nection.

The application of the method of dynamics of means for analysis of the networks
was checked in an example (see Figure 1). The program was written in Fortran
for the BESM-6 computer. For system (2), the iteration method turned out to be
convenient from the algorithmic point of view. For solving system (1), a stand-
ard BESM~6 program was used. The preliminary results indicate high speed of the
method.
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CALL DISTRIBUTION ALGORITHM ON PROSPECTIVE RURAL TELEPHONE NETWORKS
[Article by I. O. Litsit, Riga , pp 113-117]

[Text] In recent years equipment systems have appeared for quasi-electronic
rural automatic telephone offices (ATS KE) for operation with the existing auto-
matic telephone offices in existing communicatioms networks. Digital transmis-
sion systems with pulse-code modulation (PCM) and also medium-speed data trans-
mission equipment for standard telephone channels were developed and assimilated
by industry in parallel. It is natural that in the future rural telephone net-
works (STS) built on the basis of the ATS KE and also electronic switching cen-
ters, the latter will interact over common signal channels (OKS), the advantage
of which is speed of connectionm, the possibility of almost unlimited expansion
of the composition of the telephone signals, and so on. The use of OKS and pro-
grzu-controlled ATS will permit optimal control of the STS as a whole.

One of the important elements of operative network control is dynamic control of
the ~all traffic [1]. In [2] a study was made of the method of servicing calls
in the network based on estimating the efficlency of bypass routings. In the
case of decentralized call control in the network providing for higher reliabil-
ity and viability of the STS, at the outgoing automatic telephone offices (ATS)
in practice it does not appear possible to estimate the efficiency of each by-
pass routing individually; therefore in {1}, a combined method of dynamic traf-
fic control is proposed in which the game method of flow distribution is com-
bined with the method of limiting the number of bypass routings in the presence
of overloads (exceeding a defined threshold) of the segments making them up,
which can be used also in the STS not having OKS, that is, in the near future.

The appearance of OKS will permit intense exchange of messages between the auto-
matic telephone offices for operative control of call traffic in the STS. Let
us consider the call control algorithm in future STS precisely implementing the
method proposed in [2]. The essence of the algorithm consists in the fact that
for a call from an outgoing ATS over an OKS network hunting messages (POS) will
be propagated in the direction of the incoming ATS. Eachof the hunring messuges
will accumulate a total estimate of the traveled path, and a response message
(0TS) will be sent in the opposite direction from the incoming ATS after analy-
sis of the incoming messages and selection of the best of them. This response
message will initiate scrting up the call over the most optimal
routing for the criterion used.
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It is convenient to begin the discussion for the STS with a connected OKS net -
work. The configuration of the STS at each ATS is reflected by the relief ma-
trix (MR) [3]. Any ATS outside the STS has information corresponding to it

- which pertains to the central office (TsS), for the STS is connected through it
to the other networks of the country.

Let a request that a call be set up with a subscriber connected to ATS-B
arise at ATS-A. If ATS-B is opposing and available for ATS-A over the channel
group connecting them, then after exchange of the corresponding messages between
them (with availability of the called subscriber), the «call is set up.

If the ATS-B is not opposing or, being opposing, it is inaccessible along a di-
rect routing, then from ATS-A the POS is transferred to all accessible opposing
ATS. 1In addition to the number information, each POS contains the following: a
pointer of the maximum number of tandem sections (MChT) between the ATS-A and
the ATS-B (for the TsS, if the ATS-B is located outside the STS), the value of
which is taken from the MR; the index of the number of traversed tandem sections
(PChT); the total estimate of the traveled routing (SOP) equal to the sum of the
estimates of individual tandem sections [2]. The POS transmission sequence to
the opposing ATS is determined by the values of the MR numbers located in the
row corresponding to the ATS-B number: namely, initially the POS which corre-
spond to the smallest numbers are transmitted.

The routing for reception of the POS is stored in each opposing ATS, and the
ATS-B number is checked against it. When they do not compare, the tandem POS
transmission program is run: by the ATS-B number from the MR, the corresponding
row is calculated, each of the numbers of which is then added to the PChT
pointer, and the results are compared with the MChT pointer; thus, the POS are

- discovered which follow along direct routings (in the general case there can be
several of them which are identical with respect to the number of tandem con-
nections). On the accessible routings corresponding to the direct paths, uncon-
ditional transmission of the POS is realized (with corresponding corrections of
the TCLT pointer and valuzc cf the SOP). The tranemission of the PCS over all
remaining accessible routings (the reception routing is not considered) is real-
ized under the condition that the POS transmitted previously over them (each
routing has a transmitted POS memory) had larger values of the SOP and also un-
der the condition that the values of the SOP prepared for transmission of the
POS are less than one (otherwise, according to [2], the bypass routings corre-
sponding to them are not efficient). The POS transmission sequence from the
tandem ATS is defined just as for the outgoing ATS.

On comparison of the ATS-B number in the received POS with the number of the ATS
receiving it, the POS analysis program for the incoming ATS is run (on  avail-
ability of che called subscriber). For this purpose, at the ATS-B the received
POS having the same number information are recorded for a defined time. Then
the POS are selected from among them (if they exist), for which the PChT and
MChT pointers are identical (that is, received over direct routings), and the
one is selected from them which has the least value of the SOP, although it can
exceed one. These POS must arrive at the ATS-B first, which is ensured by the
transmission sequence at the outgoing and tandem ATS. In the absence of POS re-
ceived over direct routings (as a result of blockings on these routings), a
choice is made among the POS arriving over the bypass routings having the least
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value of the SOP (if there are several, then the one having the smallest value
of the PChT pointer).

On the reception routing selected as a result of analysis of the POS, the free
channel is taken at the incoming ATS-B, and the OTS containing number informa-
tion and the PChT pointer (with value decreased by one) and also the busy chan-
nel number as identifiers is transmitted. On reception of the OTS in the tandem
ATS, the channel is busiedon the routing receiving the corresponding POS, the
value of the PChT pointer of which coincides with the PChT pointer in the OTS
(and if there are several of them, the one having the least value of the sop),
and the OTS is again transmitted (with a decrease in the value of the PChT
pointer by one and a new channel number), and setting up the call

between the selected channels is initiated. On reception of the OTS im the
ATS-A, a loop check of the channel is made from it, after which the calling and
called subscriber are connected to the channels in the outgoing and incoming
ATS. 1If the OTS does not reach the outgoing ATS-A during the check time, the
call is considered lost. Information about the POS is erased in all of the ATS
on expiration of some time interval after the beginning of recording of it.

1f the incoming ATS-B is located outside the STS containing the ATS-A, then the
POS is received at the TsS, which in the given case is tandem, where the avail-
ability of the routing to the ATS-B is checked. If it is available, then the
0TS is sent in the direction of the outgoing ATS-A, and the call is

set up between them; the exchange of control information between the TsS and the
opposing ATS of the other network is organized in parallel. Finally, the suc-
cess of the connection will depend on the availability of the incoming ATS-B and
the called subscriber from the TsS. If the outgoing ATS-A is located outside

the STS zone, then the call is initially set up ~ from it to the TsS,
and then the TsS organizes the hunt for the optimal routing to the incoming
ATS-B.

Tf the STS has a quasi-connected OKS network, then for transmission to opposing
ATS with which there is no direct signal channel or information about the MR,
POS and OTS vectors, the latter are equipped with a special title and number of
the corresponding opposing ATS; this title and number permit the vectors to be
distinguished from ordinary messages and to be sent to the indicated addressee
via other ATS. For the rest, the transmitted information content and the algo-
rithns for processing it remain the same as in the connected OKS network.

On the level of the terminal offices (0S) in the STS using the OKS for signal-
ing, any of the existing ATS can be connected through the ATS KE. The call con-
trol in the network from these ATS is orgzanized from the ATS KE after reception
of the number information in them.

Comparatively small size of the STS and high speed of control information pro-
cessing in the ATS and transmission of it over the signal channels ensure rapid
convergence of the search process. Thus, the given algorithm based on almost

"{nstantaneous" state of the network at the time of hunting implements the
optimal method [2] of servicing calls in the STS sufficiently precisely.
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SOME RESULTS OF COMPARING TWO METHODS OF CALCULATING LOSSES IN COMMUNICATIONS
NETWORKS

(Article by A. I. Movshovich, Leningrad , pp 117-121]

[Text] The accuracy of two methods of calculating losses mj; with respect to
communication routings in a channel-switched network in which one-para-

- metric and two-parametric models of traffic description are used, is compared.
In methed 1, all of the flows in the network are considered Poisson, that is,
they are characterized by their own first moments -~ average values. For calcu-
lation of 745 in this case it is sufficient to have a call traffic distribution
plan, and the values By of the blocking probabilities of the network branches
(2 =1, M). 1In the two-parametric model for each flow two moments are calcu-
lated: the average a' and dispersion v'., Here, in addition to the values of
By, additional operating parameters of the network branches are used, the com-
position of which is determined by the adopted calculation algorithm a', v'.
The Katz algorithm [3] for calculating losses for a model of flows with two pa-
rameters is used in method 2,

The accuracy of the analytical methods of calculating losses is determined by
comparing the calculated values of myj with the estimates by calls fijj of these
values obtained using simulation. The length of the random process during the
simulation is selected so that the confidence intervals for the estimated val-
ues will be appreciably less than the error in the calculation method. The val-
ues of By in the analytical methods are found as a result of performing the it-
eration process, in each step of which the incoming load is distributed with re-
spect to the routing trees of all of the communication routings. The error in
calculating the probabilities B; depends on the model of description of the
flows and influences the accuracy of the final result.

The magnitude of the systematic error in the loss calculation methods which is
determined when calculating n;; by exact values of By and other operating pa-
rameters of the network branches is of interest., The systematic error is the
lower bound of the error in the analytical method and characterizes the accuracy
of the selected model of the flows and the methods of calculating the parameters
of this model. For calculation of the systematic error in the analytical meth-
ods it is possible to use combined methods (KM) of calculating losses in the
communications networks [1].
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Table 1 Table 2
I 2 4 S 6 7 8 I 2 3 4 5 [ ? 8
I 0 24 30 4 47 52 24 41 I Q 14,17 18,9 28,37 33,00 37,8 14,17 28,37
2 30 0 25 33 40 4 21 35 2 19,2 0 15,37 23,1 26,9 30,75 II,55 23,1
. 3 Al 2 0 35 40 4 21 35 3 19,37 11,62 O 23,26 27,08 30,91 11,62 23,26
4 41 27 34 0 54 60 27 47 4 27,9 16,68 22,33 0 38,99 14,66 15,68 33,5
5 46 31 39 33 0 6 31 s3 5 3,5 19,54 25,9 38,6 0 51,81 19,54 38,63
- 6 83 35 4 62 7 0 35 €2 6 38,22 22,88 30,58 45,76 53,3 O 22,88 45,76
_ 7 30 2I 26 35 40 ¢4 0 35 7 19,2 II,55 15,38 28,I 29,3 30,75 O 23,1
8 41 27 34 47 54 60 27 0 8 27,94 16,68 22,33 33,5 38,99 44,66 16,68 0
Table 3
Q B T s" 1} I a7, 4%, % 22
I,z 0,0348 0,0047 +0,0002 0,0024 0,005 0,0026 0,001 50,6 21,4
1,15 0,0704 0,0154 +0,0003 0,0098 0,0180 0,0088 0,0032 34,3 20,4
I,3 0,23% 0,0964 +0,0009 0,0805 0,1105 0,0160 0,0I76 16,0 18,6

two communicationsnetworks.,
of programs for the "Minsk-32" computer described in {2].
estimates of #j; were determined by a run with a length of

Results are presented from calculation of the losses with respect to the KM in
All of the calculations are performed using a set

In each version the
1.5 million events

of the "call" and "release'" type, after which the losses mj: were calculated by

each of the two methods.

The call traffic distribution plan in the two networks

was formed by the "relief'" method, where among the routes of equal length, pref-
erence was given to the route passing through the adjacent junction with smaller

number.
where.

The relay-race algorithm for

setting up

calls

was used every-

- The first network is an example of the district network of a GTS [city telephone

network].

Erl) are presented in Tables 1 and 2.
channel bunches are unidirectional.
The network was designed in the region of small, medium and large
The extension matrices were calculated for all versions by multiplying
The results of the calculations
The values calculated for the

sible.
losses.

the elements of Table 2 by the coefficient Q.
for three values of Q are presented in Table 3.

Bypass routings

The matrices of the capacities of the branches and extensions (in
The average busy time is 85 seconds.

The
two units long are permis-

model with one parameter have a lower index 1, and for the model with two param-

eters,

the index 2.

For each version the following are presented: BM

-~ the

average probability of blocking of the branches with respect to the network;

™ —- the estimate of the average losses over the network with respect to calls;
&M —- the deviation of the confidence limits with respect to #! for a confidence
-- the average losses over the network calculated by the KM;
Am -- the average systematic error in the analytical method; n -- the relative

level of 0.95; 2K

average error in calculating the lost load with respect to
are determined by the formulas:

ings.

The values of &7 and n
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Summation is carried out with respect to all pairs (i, j), for which yjj # 0.
Here yj; is the load going to the service routing (i, j); Y is the total
load imposed on the network; L is the number of service routings.

As a second example, a network was selected, the capacity matrices of the
branches and extensions of which are presented in Tables 4 and 5. The channel
groups are bidirectional. Cails no more than five branches long are
permitted. The average busy time is 5 minutes. In contrast to the preceding
example, the network branches primarily service a tandem load. In addition, the
network is characterized by small connectedness and branched 'trees' of the
routes on all service routings. The network was calculated for four val-
ues of the coefficient Q. For each version, in addition to the average losses
with respect to the network, the average losses with respect to three groups of
serv.ce routings were calculated. One group included the service
routings with identical minimum distance R among the branches between the out-
going and incoming junctions. The results of the calculations are presented in
Table 6. For each Q, the average losses with respect to the network are pre-
sented in the first row, and the average losses for the first, second and third
groups are presented in the three subsequent rows, respectively.

Table 4 Table 5

I 2 3 4 5 6 7 8 1 2345678
I 02 0 0 0 0 3 I3 I 0222026 2
2 20 043 0 0 0 0 I3 2 20622222
3 043 025 03 0 0 3 26022622
4 0 02 023 0 0 Is 4 22202222
§ 0 0 02 0 6 I3 0 5 02220222
6 0 0 3 0 6 0 2 0 6 2 262 202 2
7 3 0 0 0 I3 20 0 O 7 62222200
8 13 I3 016 0 0 0 O B 22222200

. The results obtained permit formulation of the following conclusions.
l. The single-parametric model of flows leads to low results everywhere. The
relative mean error in calculating mij decreases with an increase in the losses
in the network and is satisfactory only in the large-loss region.

2. In the region of small and medium losses the accuracy of method 2 is appre-
ciably higher than the accuracy of methed 1.

3. In the region of large losses, the systematic error in the investigated
methods is approximately the same.
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Table 6
Qg X " 7, LS NS 2,
- 0,0091 20,0002 0,0031 0,0064 0,0072 0,003 66,2  3I,9
=1 0,0047 20,0002 0,0009 0,0027 0,005 0,0027 81,0 42,4
. ¢,9 10,0550 =2 0,027 20,0004 0,004 0,00% 0,0078 0,0036 62,1 28,3
R=3 0,025 =20,00I5 0,0I24 0,0197 0,014 0,007 55,1 27,3
0,0354 ¥0,0005 0,0163 0,036 0,0222 0,00% 54,2 13,4
- =1 0,022 20,0005 ,0071 0,0I79 0,0I91 0,0060 65,2 19,5
1,0 c¢,lIse R=2 0,0475 20,0008 0,0244 0,045] 0,0232 0,049 49,1 10,3
R=3 0,034 20,0026 0,0504 0,0747 10,0320 0,0077 38,3 9,4
0,003 *0,0006 0,0512 0,09 0,0360 0,009 38,6  II,0
. R=4 0,0571 20,0007 0,0283 0,0605 0,0353 C,0049 50,8 9,6
I C,I805 -2 0,1081 20,0012 0,078 0,1238 0,034 0,013 33,0 14,6
- R=3 0,I7I12 20,0037 0,I275 0,703 0,0437 0,0029 24,3 1,7
0,19%4 0,00I2 0,I617 0,2174 0,0372 0,026 17,6 12,9
. ) =1 0,1451 20,0014 0,1097 0,16I5 0,0415 0,0193 24,4 13,4
1,5 0,313 =2 0,248 -C,0022 0,250 0,2819 ©,0333 0,033 13,4 14,2
R=3 0,348 =*0,0063  0,2097 0,3329 0,035 0,0180 10,2 5,2
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SET OF PROGRAMS FOR CALCULATING LOSSES IN COMMUNICATIONSNETWORKS BY THE COMBINED
METHOD

[Article by A. I. Movshovich and M. Yu. Khokhlova, Leningrad , pp 122-127]

[Text] Basic information is presented on the set of programs (KP) for the
"Minsk-32" computer realizing the combined method (KM) of calculating losses in
switched communicationsnetworks [1]. The KP is a library of program modules,
from which operating programs can be assembled for investigating networks with
dynamic call traffic distribution control and with different network algorithms
for setcing up calls.

The programs of the first phase of the KM which perform the simulation are a
significantly revised and expanded version of the KP described in [2]. The pro-
grams are divided into the following basic groups: initial data input, the for-
mation of a representation of the network structure and the incoming load to the
network, calculation of thresholds for tandem calls, setting up and
terminating calls dynamic call traffic distribution control, processing and
documentation of simulation results. Different simulation models of communica-
tionsnetworks are formed by assembling the corresponding control programs in
which the composition and order of execution of the modules are defined and the
lengths of the common regions of ready-access memory are also given. The common
regions contain standard representation of the network structure and other in-
formation files depicting the state and results of operation of the communica-
tionsnetwork for all programs. As a rule, each data file, the length of which
depends on the initial data, corresponds to one named common region. When as-
sembling the working program, the length of this region is taken equal to the

- maximum of the lengths indicated for it in all of the joined programs. There~
fore, when reserving in the KP modules only one word of memory in each common
region, the possibility of controlling the memory distribution in the model us-
ing the control programs is ensured.

The programs in the set executing the second and third phases of the KM consist
of programs for calculating the operating characteristics of the network
branches, the programs for calculating the losses 7y i with respect to serv-

ice routings and the programs for documenting the results of calculation and
simulation. In addition, for this group of modules there are control programs
which give the operating sequence of the modules and reserve the ready-access
memory regions for additional data files used in the second and third phases of
the KM.
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The configuration of the communications network is described by the adjacency ma-
trix of the network junctions [bji] and is depicted in the computer memory by
the KNF file. The length of the KNF file is equal to the number of units in the
matrix [bij] and is denoted by M. The KNF elements are ordered in rows [bjj] in
increasing order of the numbers j of the incoming junctions. Here each bij =1
corresponds to one element of the KNF file. Each oriented branch is represented
in the KNF by onme element, and unoriented branch by two elements with the in-
dices 2 and ¢, for bjj = bij = 1 for it. The KNF element (2) takes one word of
- memory and contains the poincer y for blocking the channel group, the number i
of the outgoing junction, the number j of the incoming junction and the index 2
of the paired element corresponding to bji. For oriented branch we set & = 0.
Then the index & = 2(i, j) will be called the network number of the branch
(i, j), and the junction number of the branch will be defined as 85 = (i, j) -
2(i, j1) + ! where 2(i, j1) is the index of the first branch in the KNF file go-
- ing out from the junction i.
The junction numbers of the branches are stored in the matrix {6131, 1, 3 = 1, 4,
the elements of which take up one byte of memory each. For the pairs (i, j)
such that bjj = 0, the element 3ij = 0.

In the simulation step, for each branch of the network the following parameters
are stored: ¢ -- the capacity of the branch, cp -- the magnitude of the thresh-
old for tandem calls, ¢ -- the indicator of damage to all channels, p --
the branch length, m -- the number of busy channels, & -- the serviced load,
te -- the total time the group is in the state m = ¢, tp -- the total time the

- group is in the consolidated state m 2 cp. These parameters occupy 8 M words of
memory.

In the second and third phases of the KM, four additional information files M
words long each are used: the variation coefficients 9, the load imposed on the
branch; the variation coefficients 90 of excess load; the empirical coefficients
k; the loads 3% corresponding to the calls connected through the branch but re-
jected.

The load imposed on the communicationsnetwork is given by the extension matrix
[vij], where yjj is the average value of the outgoing load from the junction i
to the junction j. When constructing the network model, the following assump-

tions were made: the flow of calls on any service routing is Poisson, the
talk time is distributed exponmentially, the time for setting up calls and
disconnecting the setup c¢alls is equal to zero, there are no repeated

calls, the busy time and failure of the subscribers to answer are not taken into
account, losses as a result of busy switching and control equipment at the of-
fices are nonexistent. These assumptions permit replacement of the true process
of servicing calls by a modified Markov process [3]. After this substitution
the KP simulates an embedded Markov chain over a set of calls and releases.

In order to accelerate the operation of the call distribution algorithm with re-
spect to  service routings, the set of gravitarions yji # 0 is converted to
the vector MT so that (MT(k + 1) - MT(k))Y = yij, k = [, L. Here Y is the total
load imposed on the network, L is the number of gravitations yjj # 0. Let us note
that MT(l) = 0, and MT(L + 1) = 1. Each MT(k) is placed in correspondence to a
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pair (i, j) which is stored in cthe gravitation referencing list (SPT). ‘The pairs
(i, j) are placed in the SPT in the order of the nonzero elements according to
rows of the matrix [yij]. Thus, for determination of the service routing
(i, j), in which it is necessary to send the incoming call, it is sufficient to
find the k such that MT(k) < £ s MI(k + 1), where § is the value of the random
variable uniformly distributed in the interval (0, 1).

The calls that are set up are represented in the format (i, 61; cees 8%),
where 8%, ..., 82 is the sequence of junction numbers of the branches beginning

with junction i. For r < 4 the call rakes one word of memory, and for
5<r<9, two words of memory. Short calls are recorded as they arrive
from the beginning of the SUS file, and long ones, from the end of the SUS file
containing both lists of ser up calls. On occurrence of the 're-
lease" event, the call which must be removed from the SUS file is selected
equiprobably among all of the setup calls and the last element of

the corresponding list is recorded at the location of the removed element.

The process of setting up calls in the communicationsnetworks is simu-
lated by the PROKD program. This program permits investigation of various algo-
rithms for selecting the outgoing routings (VIN) at the network junctions for
two methods of setting up calls: relay-race and rescanning (with return
to the outgoing office). The outgoing routings are selected at each junction s
of the network using the routing aatrix Rg = [h?k]. The matrix Rg has a number
of rows equal to the number of network junctions, and a number of columns equal
to the number of brancies emanating from the junction s. The matrix columns are
attached to the outgoiny routings in increasing order of the numbers of the ad-
jacent junctions, that is, k = &§. The matrix element h?k is a floating-point
number, which is an estimate of the set of routings from junction s to the des-
tination j through a branch with junction number § = k. The initial filling and
variation of the matrices Rg during operation of the network are realized by the
flow transmission routing control programs. All of the matrices Rg are in a

a common region for which ¥ x M words of ready-access memory are reserved.

Let us consider the operation of the VIN algorithm at the junction s when
setting up a call over a service routing (1, j). The problem of the
VIN algorithm consists in calculating the junction number § of the next branch
which is included at the junction s in the established connection. If § =0,
this means that there are no available routings to the junction j from the junc-
tion s. For calculation of §, the following series of operations are executed.

Step 1. If Sg5 # 0, the possibility of setting up the call with respect
to the branch to the destination j is checked. With positive outcome, we set

§ = 43j, and the operation of the algorithm ends; otherwise we proceed to step 2.
Step 2. If rg = ry - 1, 3 =0, and the operation of the algorithm ends; other-
wise we proceed to step 3 (here ry is the maximum admissible number of branches
in the connection, rg is the dynamic length of the connection).

Step 3. The list D of junction numbers of available routings is compiled. For

the outgoing calls (s = 1) the routing with network number 2 is considered
availabie if o(2) = 0, m(2) < cn(2), and a tandem connection is permitted
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through the adjacent Junction, PFor tandem calls, the routing to the preceding
junction 1s also excluded from investigation. In the D list formation cycle the
value of §x is calculated corresponding to the minimum element hix in the row j
of the matrix Rg among the columns k € D. When hunting for the minimum and
filling the list D the row j of the matrix Rg is examined from left to right.

Step 4, If the list D is empty, then § = O and operation of the algorithm ends;
otherwise we proceed to step 5.

Step 5. If €y = O, then § = 0%, and operation of the algorithm ends; otherwise
we proceed to step 6.

Step 6. The list Dg of junction numbers of equivalent outgoing routings is com-
piled. It includes $% and all § € D, for which |hSg - hx| < ep. The desired
value of § is selected from the list Dg equiprobabiy, and the operation of the
algorithm ends.

The set of above-investigated network algorithms for setting up calls

can be described as a function of three parameters A(w, ryM, €h). Here w is the
maximum number of attempts to reestablish connection. The value of w= 0 corre-
sponds to the relay-race algorithm of setting up calls. The value of zp
determines the equivalence level of estimates of outgoing routings in the rout-
ing matrices. Varying cp, it is possible to change the degree of influence of
the control algorithms U on the call traffic distribution in the communication
network.

In the KP, two control systems are realized for the flow transmission routings:
a combined system based on the relief method and the relief method with inertia
Up(n, T) [4] and a combined system based on the relief method and the game
method Ug(w, 3) [5]. Here n is the inertia parameter, T is the minimum vector
exchange period, « is the magnitude of the penalty, B is the magnitude of the
reward. In order to standardize the VIN algorithms, in contrast to [5], it was
assumed that a > 1, 2 < 1.

Both of the combined control systems presuppose the presence of a relief matrix
Hg = [H]s_') at each junction s of the network. This matrix has the same struc-
ture as %he matrix Rg, but the elements Hy occupy one byte of memory each [4].
The structural control is realized by network orientation programs which calcu-
late the finally reformed network relief {Hg}, s = 1, N. On the basis of the
obtained relief, the matrices Rg are corrected, after which the load control is
included: the relief method with inertia or the game method.

When realizing the method Up(n, T), modification of the relief method proposed

in [6, 7] is generalized. The refinement pertains to the blocking rule for the
columns of the matrix Hg when calculating the minimum vectors (MV). Now the al-
gorithm for calculating the minimum in row j of matrix Hg coincides with the al-
gorithm for calculating hx in row j of matrix Rg (step 3 of the VIN algorithm)
for a tandem call coming from the junction to which the MV will be sent. After
calculating the MV, its components corresponding to adjacent junctions with for-
bidden t.ndem connection are set equal tc one if m(l) < cn(2). During opera-
tion of the programs in the structural control mode, the MV calculation algorithm
coincides with the investigated one if we consider that m(2) = 0 for ¢ = 1, M.
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The programs of the second phase of KM calculate the operating parameters of the
- network branches. By the magnitudes of the service load &; and probability Bg

of blocking the branch, the parameters 98y, SE and Ky are calculated for & =1, M.

The calculation algorithm is discussed in [1]. When giving a single-parametric

traffic model we set 8y = 1, 87 = 1, Ky = 0, where & = 1, M.

The programs of the third phase of the Km calculate the losses mjj with respect
to the communicationsnetwork routings (i, j). The algorithm for calculating mjj

was developed for the network algorithms for setting up calls of the
A(w, rM, 0) type. Another restriction is the assumption that cn(2) =c(), ¢ =
1, M.

The load distribution yjj with respect to the routing "tree'" from junction i to
junction j is realized by the RTYaG program. The routing tree in this case is
not formed in advance, but each new routing to junction j is constructed as
needed by the MARSh program. This program uses the vector NPV which is a func-
tion of the number j of the incoming junction. The NPV vector contains a se-
quence of network numbers of the branches lé, Eé, ..., 28 for each junction s of
the network. These branch numbers are arranged in increasing order of the num-
bers of the paths of selecting the outgoing routings at junction s when

setting up a call to junction j. Here 13 is the network number of the branch
which is the last-choice path. The application of the NPV vector ensures inde-
pendence of the MARSh program with respect to the VIN algorithm selected in the
model.

The general calculation scheme using the RTYaG program consists in the following.

Step 1. The route is constructed from junction i to junction j. The number of
the path of choice q for the junctioms newly included in the route is equal to
one. The load is distributed along the route. Here the excess loads from all
branches of the constructed route are stored.

Step 2. The transition is made to the next to the last junction k of the route,
and the last junction is excluded from the route. At the junction k, we set q =
q+1.

Step 3. The element Zg is extracted from the NPV vector. If lﬁ = 0, transfer
to step 4, otherwise transfer to step 5.

Step 4. For the relay-race algorithm of setting up calls, the excess
load from the network lk— is considered lost, and for algorithms with rescan-
ning it is added to the excess load from the branch Lg. If k = i, transfer to
step 7; otherwise transfer to step 2.

Step 5. The route is constructed from junction k along the path of choice with
number q in the direction of the junctionm j.

Step 6. The excess load from the branch 2371 is distributed by the constructed

route, transfer to step 2.

Step 7. The value of mjj is calculated.
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APPLICATION OF SPECIALIZED PROCESSORS IN THE CONTROL UNITS OF SWITCHING CENTERS
[Article by A. G. Popova, Moscow , pp 127-130]

[Text] At this time the opinion exists that flexibility characteristic of the
programmed approach and connected with using finished standard components (mi-
croprocessor sets) permits the advantages of programmed control in the switch-
ing centers to be increased even more. The central control unit of the switch-
ing center (KU) can be constructed as a central processor (TsP). Here two meth-
ods of executing the operating algorithm of the control unit are distinguished:
hardware and microprogram.

In the hardware implementation of the algorithm the central control unit is a
programmable device which consists of logical elements and memory elements
joined together in a defined way. The disadvantage of such programmable devices
is irregular structure, but the speed of these devices is high. 1In the control
hardware, the sequence of execution of the program instructions is determined by
the rigid connections between logical elements built into the system, that is,
rigid interelement couplings.

For the microprogram realization, the central control module consists of an in-
formation processing module (BOI) and microprogram device (MPU). The BOI per-
forms functions analogous to the functions of the arithmetic-logical circuitry
of a computer except that in the KU the majority of functions are logical. The
MPU realizes the microprogram execution of the instructions of the operating al-
gorithm of the KU control unit.

One of the possibilities for increasing the operating efficiency of the control
units (UU) is the application of sufficiently automomous devices having their
own control. These devices are called specialized processors (SP). The appli-
cation of specialized processors is expedient in cases where the operating algo-
rithm of the processor is frequently used in the common operating program of the
UU, and the operating program of the processor is distinguished by sufficient
simplicity and has little connection to the remaining operating programs of the
uu.

The peripheral control units ( identifiers, modules for including the switching
elements, and so on) [l] can be constructed as SP. The construction of the KU
control units in the form of central and specialized processors permits use of

the advantages of both the centralized and distributed methods of control in the
KU.
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One of the baslc missions of the KU control unit 1is the search for a connecting
path in the switching system. The initial information for beginning the search
for a connecting path is the input and output numbers between which it 1s neces-
sary to set up the call and the final result is the values of the con-
necting path coordinates selected for connection or the signal of impossibility
of setting up the call.

When carrying out the mission by a specialized processor, the latter can contain
MPU, which ensures execution of the lunting nrogram instructions, BOI and OZU in
which the data are stored regarding the state of the connecting paths and the

- set up calls, the SP operating program and auxiliary values required
to execute the program. The SP operating program will contain the following
stages: processing of requests from the TsP, the search for a connecting route,
recording of information about the set up call, release of the con-
necting path after ring-off, organization of central processor requests. Find-
ing the connecting path includes successive search for a free switchboard
output in each of the elements. The process of finding the free switchboard
output on a link of an i,z-link KS consists in the following. After
determining the address, the ready-access memory cell and reading the required
bits of the word in this cell, a number will be entered in the my last bits of
the operating cell R each bit of which characterizes the state of one output of
the required sw1tchboard of link i. 1In order to decrease the nonproduc-
tive busy time of the specialized processor in the case of absence of free out-
puts in the given switchboard it is necessary to introduce the operation of
checking for the presence of at least one unit in the number obtained. If there

- is at least one unit, then the search for this unit in the number is made, that
is, the number of the bit is determined in which the unit is entered. If there
is no free output, then a return is made to the search for another free switch-
board output of the preceding 1inx (i - 1).

When checking the state of the switchboard output, logical bit-by-bit multipli-
cation of the register contents Ri and the contents of the auxiliary register
R{' is carried out, in one bit of which a one is entered and in the rest, a
zero. In the initial position before the beginning of the search for the con-
necting path a one is entered in the low-order bit of the register R{'. 1If a
number having a zero in all bits is obtained as a result of multiplication, this
means that the checked output is busy. Therefore it is necessary to increase
the number of the checked output by one. Simultaneously, a shift of the regis-
ter contents R{' by one bit to the left is made, and the state of the next
switchboard output is again checked.

The formation of the ready-access memory cell address for selecting information
about the state of the outputs of the accessible switchboard on link (i + 1)

- consists in the following. On link i the intermediate line is determined by the
set of coordinates %, &, Y, ..., §, the values of which are entered in the cell
R%v. Here the coordinate § corresponds to the number of the switchboard output
selected as a result of performing the preceding operations. In the next link
(i + 1) the intermediate line is defined by the set of coordinates 3, v, ..., &,
o, and the value of the last coordinate o will be defined when finding the con-
necting path on link (1L + 1).
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Thus, for determination of the address of the cell corresponding to the interme-
diate lines of the next link, it is necessary to enter the register contents R;

(the code of the selected switchbeard output of link i) in the low-order bits of
the selected output code of link 1; then, shifting the register contents Riv
by logza bits to the left, the obtained number is used to determine the address

of the ready-access memory cell.

This method of forming the memory cell address is suitable for the KS with any
values of the structural parameters under the condition of entering the code of
the KS target in the binary-decimal number system. If the structural parameters
of the KS are defined as

mi = 2k, ni = 22,
then the word length of the code of the object is made best use of, and the shortest word-
length of the MPU registers of the specialized connecting path fimding processor
is required.
The proposed SP operating algorithm for finding the connecting path can be used
for the KS of any structures and with arbitrary number of links.
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SYSTEMS APPROACH TO CONTROL SYSTEMS AT THE JUNCTIONS WITH DIFFERENT METHODS OF
DELIVERING MESSAGES TO THE NETWORKS

[Article by V. N. Roginskiy, Moscow , pp 130-132]

[Text] The application of different methods of deiivering messages in channel-
switched (KK), message-switchea (KS), packet-switched (KP) and other networks was
until recently connected with different forms of service and different technical
implementation. For comparison, different approaches and methods of estimation
were used. All of this leads to the fact that it is impossible to make an objec-
tive comparison or estimate the advantages or deficiencies of each procedure. An
effort is made to evaluate various methods of delivery and the requirement on con-
trol of the switching centers from united points of view.

All of the methods of delivering messages in the network can be divided into two
groups: without switching centers (with direct or common channels) and with
switching centers (UK).

The second group of networks is of the greatest interest. In the general case
it is possible to have a combination of different methods in individual sections
or for different types of information in the network.

In networks with UK it is possible to isolate two methods of distributing mes-
sages in the centers: without accumulation of messages at the centers and with
accumulation of messages (or parts of them -- packets).

In junctions without accumulation for each message the routing is selected by
address, and either a through transmission channel from the coupled-out channels
is set up for each message (channel-switched system) OF "armoring' of the chan-
nels takes place along the entire path so that on arrival of the next segment of
the message it will be transmitted without delay (address-code switched, sta-
tistical multiplexing, some of the KP sysrems -- creation of "virtual," "log-
ical" channels, and so on). If there is no free channel at the given time for
the given message, it either waits at the junction or a rejection occurs (the
call is lost), which corresponds to waiting at the terminal point (OP). 1In both
cases there is a delay in assigning a channel for transmission of the message.

At centers with accumulation, each message (or packet) is received and stored
together with the address, and only then is it transmitted farther as a free
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- channel is assigned (KS and certain KP systems). When the channels are busy,
the message waits. Under other equal conditions, the waiting time will be the
same as for KK for the same load. On traasmission by packets, the waiting time
for individual packets will be less, but it can increase for the entire message.

If we consider that there are no losses of messages (information) (the subscrib-
ers are "absolutely persistent"), for identical transmission and processing
rates and message sizes the busy condition of the channels in any case creates a
delay. The message is delayed either at the OP (in the special case, at the man)
or at the UK which requires corresponding memory at the switching center. The
greatest delays are created when the called OP is busy.

In all cases the control unit (UU) of the center receives and analyzes the ad-
dress and determines the outgoing routing, finds and assigns a free, unblocked
channel and gives the instructions to transmit the address and messages farther,
and if necessary it assigns a channel for putting the message in a queue or re-
jecting it.

In addition, the UU performs a number of other functions: effecting priorities, find-
ing alternative routings, circular transmission, and so on. The realization of
these functions is different for different switching methods.

The basic quality index -- the message transmission time in the network for dif-
_ ferent methods of delivery and identical transmission and processing speeds --
contains a common component including the following times for passage through k
junctions: the address transmission and waiting (k times) and single message
transmission. For different delivery methods the following are added:

for KK, the waiting time connected with an increase in load on the first chan-
nels on the path;

for KS, the time of (k - 1)-fold transmission of the message;

for KP, the time of (k - 1)-fold transmission of one packet and (h - 1)-fold
transmission of the address (h is the number of packets in the message) .

The optimalness of delivery is determined by the relations of the message and
network parameters, admissible delays, the required memory size and other in-
dices when considering additional requirements such as respounse speed or the re-
quirement of dialogue. In the latter cases, it is necessary to use duplex chan-
nels or "armoring" of the channels in both directions.

The greatest effect from statistical multiplexing is contained in cases where
the message contains interrupts in information transmission. All of this must
be considered when comparing different methods of transmission of messages in
the network.

The united approach to estimates of different methods of delivering messages in
the network and methods of implementing them will permit standardization and in-
tegration of the channel-forming, switching and control equipment, optimal con-
struction of the networks on a united technological base with united control
programs and algorithms, selection of the solution for individual parts so as to
ensure optimalness on the whole.
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DYNAMIC CONTROL OF BRANCH CAPACITIES IN A CHANNEL SWITCHING NETWORK
[Article by 0. F. Sergeyeva, Moscow , pp 132-135]

[Text] At the present time a great deal of attention is being given to improve-
ment of the efficiency of the use of communications media, which will permit im-
provement of the quality of servicing in the network with minimum expenditures
of financial resources. One of the means of solving this problem is operative
correction of the network structure for different operating periods when

the dynamic traffic control in the network does not ensure the required servic-
ing quality for certain pairs of offices.

A study is made of one of the problems of operative variation of structure with
variation of the situation on the network comsisting in correcting the capaci-
ties ensuring optimal (from the point of view of efficiency of use of the net-
work channels and service quality) loading between each pair of uniformly gravi-
tating offices in the network structure. The necessity for such correction will
occur, for example, in the following cases:

when servicing the load flows with noncoinciding peak loading hours (plh), when
at different times of day it is necessary to increase the channel groups on cer-
tain routings and decrease them on others;

with an increase in incoming load on individual routes as a result of including
new groups of subscribers;

with sharp changes in loading of individual network groups, for example, in case
of failure.

In these cases it is necessary to correct the network branch capacities without
_changing the topology of the network so as to ensure sufficient carrying capac-
ity to service the load flows between each uniformly gravitating pair of offices
with given service quality. In contrast to the analogous statement of the prob-
lems in [1, 2], in the given paper a study is made of the channel switching net-
work with arbitrary loading of the branches. When solving the investigated
problem it is proposed that the following are known:

1. The network structure: number of offices N, number of branches M, their in-
terrelation and capacities of the branches -- B = HBin.
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2, Uniform gravitations (load in Erlangs) between pairs of offices -- F =

ogyll.

3. The admissible magnitude of the losses for each uniformly gravitating office
is P(i, j)ad-

4. The admissible magnitude of losses in the branches and the corresponding av-
erage use of the lines in the channel groups forming the branches npin - Nmaxs

where n = (Yconst - Yobsl)/Nchannel-
5, The load traffic distribution algorithm with respect to network branches.

In the given paper when solving the problem of correcting the branch capacities,
optimizing the carrying capacity of the network, the concept of saturated cross
section is used [3]. This approach is being widely used abroad at the present
time to optimize the network topology under the name of the cross section satu-
ration method. The basic idea of this method consists in the fact that an in-
crease in carrying capacity of the network is achieved as a result of increasing
the carrying capacity of the saturated cross section. 1In the general case the
cross section is the minimum set of branches, on removal of which the network
becomes unconnected. In the given paper by the network cross section we mean
the maximum set of branches on removal of which all of the paths are broken for
servicing the load and for some pairs of offices it is impossible to set up
a call. Here the cross section is considered saturated if it consists of

- branches, the use of the lines of which is higher than the maximum allowable
amount for the investigated network.

Thus, the presented problem of correcting the network branch capacities to en-
sure the required carrying capacity of the network reduces to minimizing a func-
tion of the type:

h M k'{o ceey N.
man Z: 6‘(60-‘ ), t =1, ...,Nl
Pdéh' Jlil N
where > 0, if B¢ Su
d ¢ 0, if p; 23,, but 2; < 2 min,

=0, if p;, ¢ §,, and 2; >2 min;

Sy is the set of saturated cross section branches;

N* is the subset of junctions separated by the saturated cross section Sus

M* is the subset of network branches making up the saturated cross section
and also the branches entering into the paths for servicing the load
between pairs of offices separated by this cross section Sy;

2a%? is the increment of the serviced load on the B8;-th branch when servic-

ing the load between the pair of offices (k, 2). The following condi-
tion must be satisfied here:

P]_j < P(ir j)adr i=1, ..., N,
=1, .., M.
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After the values of the total load increments -- da® on the corrected branches
are defined, the variations of the loss probabilities on these branches corre-
sponding to them are defined as follows:

b 4
AQ,
ap == —+
] A:
é
where AY 1s the total load arriving for servicing on the Bj—th branch in accor-
dance with the given distribution algorithm before correction.

The obtained magnitudes of the losses on the branches are used to determine the
capacities of the branches ensuring the required quality of servicing for the
investigated pairs of offices.

It is obvious that the proposed method is heuristic and is realized by successive
approximations to the local optimal solution. In this paper an algorithm is pro-
posed which realizes the given method, permitting ensurance of operative control
of the network branch capacities under conditions where the dynamic flow control
does not permit the required quality of servicing to be enmsured for certain

pairs of offices on the network. The proposed algorithm includes three basic
procedures: determination of the magnitude of the saturated cross section, de-
termination of the required volume of corrections of the branch capacities en-
suring the required quality of servicing; calculation of the network parameters
characterizing the servicing quality.

The advantage of the given method by comparison with others [l, 2] lies in the
fact that it permits a united approach to the solution of the problem of cor-
recting the branch capacities and topological optimization of the network using
the cross section saturation method.

When comparing the proposed branch capacity correction algorithm, for example,
with the algorithm of [1] it turned out that:

when using the proposed algorithm the same branches are corrected as when using
the algorithm of [1];

determination of the required number of corrections ensuring the required carrying
capacity requires a smaller number of calculations by comparison with the algo-
rithm [1].
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MATHEMATICAL MODEL AND ESTIMATING THE EFFICIENCY OF A MESSAGE DELIVERY CONTROL
TECHNIQUE BASED ON JOINT APPLICATION OF EXTERNAL AND INTERNAL PRIORITIES

[Article by V. N. Silayev, Yu. F. Zolotykh and L. M. Bondar', Moscow , pp 135-138]

[Text] The use of external priorities (fixed priorities) and internal priorities
(dynamic priorities) is widely known [1-2].

The novelty of the method proposed in [4] consists in the application of external
and internal priorities to control the delivery of messages in a finite control
time uj > wy(t), 1 = 1, p, where wj(t) is interpreted as the actual time spent

by the i-th priority request in the system. The value of the priority function
Bi(t) is calculated by the Jackson formula {2]:

Bi(t) = uy - wi(L).

The operation of the network is described by the following procedure, The direc-
tive time of delivery ujy, i = 1, p is assigned to the messages entering a net-
work of i-th priority class. The messages are placed in a source-junction queue
in accordance with the priority function B8j(t). The highest priority corresponds
to the least values of Bj(t). After transmission of the i-th class message to
the network it is stored for a time T{ (the waiting time for obtaining verifica-
tion of proper reception by the destination junction of the i-th class message).
If on expiration of the time T4 verification has not been received, the message
is again transmitted. Otherwise the next message is transmitted with least
value of the priority function Bj(t). The repeated messages reach the repeated-
message queue and have a relative advantage in servicing over newly arriving
messages.

Under the conditions of simplest flows of incoming messages with intensity A4,
i =1, p, constant transmission time equal to a, independence of the repeated
transmissions, the basic expressions are obtained for the Laplace-Stiltjes
transformation of the transmission time distribution function in the network,
the average waiting time wy in the source-junction, the average transmission
time E[Vj] through the network of the i-th class messages for steady state of
the network.

Let Bj(t) be the distribution function of the random variable -- the time inter-
val from completion of message transmission to acknowledgment of receipt in the
transmitting junction under the condition that verification is delivered on time.

-z
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The probability of the last event will be denoted by my; then the probability of
repeated transmission is defined as vi = 1 - mjBi(Ti). For E[Vi] the following
expression is valid:

. T,
EMVid={a+d [a+TirS'Mast) e m; [tdBL(] /(1-05) (1)
. - , °
where S'(1) = [Sqqo(l - 2)/(Q[z] - z)];=1 is the average number of messages in
P
the repeated message queue; Q(z) = L qkzk is the generating function of the
k=0

number of arrivals in the repeated message queue; qg is the probability of si-
multaneous arrival of k messages in the repeated message queue; T is the average
repeated transmission waiting time of a message from the repeated messages en-
tering the queue.

From (1), T’i‘ =Ty pin 18 found -- the minimum average transmission repetition
time (it is rounéegl to the nearest multiple of a).

For average waiting time Wi the following expression is valid:

= o[ Wi~ Wo 29,0 & . -

W=, + Q' ([ te] g (22t v 5 g -
[ a ] ( 2(4-Q° (1) i 14 2)

P ~ i

’ %qll(wd Turu) ¢ T A (wis w).

where wo is the average time of completion of servicing equal to al2.

The Laplace-Stiltjes transformation of the distribution function of the actual
transmission time of an i-th class message is as follows:

1 >2 n-{-3na ‘3('\-‘)(].'{ " wo -3ak P - - .
JL0=30"e e b, Ty o L7 e (3)
n=i k=0 meg M fay LY

. TL -
where & (%) =J e “d&(t), qé is the probability of arrival of m messages in the
repeated message queue, one of which is i-th class.

The value of q}l is found from the expression:

Q’:n = Z‘ gi 9'-.95 1\)*1"". 9:,,..40‘..4(1-9‘;-9 ‘m).”" (1.9‘9-10‘P-|))

KeA (m-1,0)
where A(m - 1, 1) is the set of combinations, the powers |A(m -1, i)[ = Cg:i,
numbers 1, 2, ..., N, ..., p; n # i; kj € K.
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- The efficiency of the given control technique was estimated by simulating net-
works of two structures -- distributed, consisting of 27 junctions, and a linear
5-junction network. The networks with and without control with direct servicing
procedure were compared by the following indices: the number of messages deliv-
ered on time, the average delivery time and dispersion of the delivery time.
Under the conditions of uniform loading of the network with the control consist-
ing of 27 junctions, efficiency was demonstrated with respect to the criterion
of the average number of messages delivered on time. For a linear network, the
range of loads in which control turned out to be efficient was obtained with re-
spect to each junction. In the indicated load range the effect is 5 percent.

The following features are characteristic of the proposed technique:
a) on satisfaction of the condition Bi(t) £ 0 the message is lost;

b) the param ~=r uj is not the only parameter for all requests (messages), but
it is in one-to-one correspondence with the initial priority, the urgency cate-
gory of the given request;

c) the priority function B;(t) of the request achieved in the given processing
stage (in the given communication center) appears as the final priority in the
next stage;

d) for Bj(t) = 1 the request is assigned the highest priority with which the
i-th class request comes to all subsequent network reserves over its repetition
route., The interval 1 is interpreted as the network parameter and characterizes
the time required for the i-th request to pass through the network in the ab-
sence of control and loading of the network on a given level in the quasi-exclu-
sive mode of using the processing reserves of the network;

e) the initial and dynamic priorities are selected from the series: T, AT, ...,
wT, where a, ..., w are integral coefficients, Thus, all of them are multiples
of 1, and each lower one is a multiple of the preceding higher one.

_ Physically the efficiency of the control imposed on the network is based on in-
creasing the use coefficient of the network reserves most loaded at the given
point in time by expanding the period of cheir greatest loading in time as a re-
sult of the time reserve uj - wij(t) and use of the time reserve At = uj - T.

A study was also made of the laws of variation of priority in accordance with
arithmetic or geometric progressions or combination of them and also various
versions of organizing the time service. Analysis of the results of using dif-
ferent laws of priority variation demonstrated that in the majority of practical
solutions the use of arithmetic or geometric progressions gives satisfactory re-
sults.

With programmed realization of the enumerated versions it was considered that
the network junction has a separate program performing the functions of priority
control and monitoring of the time of existence of the message in the network,
and the operations system has the apparatus for starting these programs after
time quanta equal to or proporticnal to t. The volume of the program execution
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for different versions turned out to be in practice identical: 25-50 instruc-
tions of the M-7000 computer, SM~1, SM-2 computers. The difference in versions
was discovered in the frequency of starting the programs and the required size
of the field for entering the achieved priority in the message title and the time
left before expiration of the control period.

The performed analysis of various versions of program implementation permitted
substantiation of the choice of program implementation of the method of control-
ling message delivery on the switching level of a distributed operations system.
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STUDY OF METHODS OF ORGANIZING CALL SERVICING IN THE CONTROL COMPUTER OF A COM~
PUTERIZED SWITCHING CENTER

[Article by A. V. Solov'yev, Moscow , pp 138-141]

. [Text] Efficient organization of call servicing in a control computer (EUM) can
be achieved when the operating program dispatching algorithms have the possi-
bility of flexible redistribution of its time reserves. This becomes possible
with the introduction of interrupts, the use of static dispatching disciplines,
formed by composition of transfer rules from one queue of requests to another
and selection of queues (programs) and also with restriction of the EUM loading
in case of overloads.

The entire set of operating programs of the EUM S = {s1, ..., SNS} is divided

into groups Si, ..., Sp so that Sy N Sy = ¢, 4, 2'' =1, ..., Ly 2 # 2'. The
program Sj € Sg,j =1, ..., Ng is characterized by the order number in the

group and the group number, that is, sj = s(i, ), 1 =1, ..., Ig, 2 =1, ..., L.
The interaction between different groups of programs is defined using the matrix
H(t) = ||hgg'(t)||, the elements of which hgg'(t) = 1 if any level program & can
interrupt the performance of any level program %'. In cases where interruption
of the £ level program by &' level programs is not permitted, the element hgg ' (t)
of the matrix H(t) is equal to zero.

On completion of execution of the program s(i', 1), the transition to another
program s(i'", 2) is made in accordance with the following rules:

A; -- on completion of servicing of each request from the queue;

A, -- on detection of the control request in the queue (the control request is
placed at the "tail" of the queue before the beginning of servicing of the re-
quests in it);

Ay -- on elimination of requests in the queue.

The program s(i", 2) is selected in accordance with the rules:

min i, i =1, ..., I

o
(ol
It
an
[}

2

By - i" = E‘J’ if L = E‘j-l(i' = £k, then i" = €1), €1, Sk €j_1»
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%j are the ;erms in the sequence § = §;, ..., Ey-1» Ej, «++s Ek, such that 23 €
L, ..., Ig!t.

As a result of the composition of the rules Avy, Bvp(vy =1, 2, 3, v =1, 2)
dispatching algorithms are formed which are most frequently used when organizing
the call servicing in the EUM.

The average interrupt time of a request for the program s(i, %) in the EUM for
the investigated model of organizing the call servicing is

Ay B,
LGty =[w w0+ bG0](1+ RL ).

AV, B, 1-Re

AviBva . . s . . .
where w "!°Y%(i, 2) is the average waiting time for servicing of the requests

(i, 2) when using rules Av;, Bvy in the call servicing model without interrupts,
B(i, %) is the average time for execution of the program 1(i, 2), Ry is the to-
tal load factor of the EUM by the programs s(i, 2) for which hgg' = 1.

Since in a number of cases the EUM cannot provide for processing all of the in-
coming information in real time, overloads occur, The efficient organization of
the servicing of calls in the EUM in the presence of overloads is achieved when
using adaptive load limitation algorithms {1]. The algorithm for limiting the
load of the EUM which can operate jointly with any algorithm in the multilevel
model of organization of call servicing is based on using alternative operating
programs and the collective of finite automata functioning in random media.

The program si, i = 1, ..., NA is designated as a\],iernate if a request to the
EUM can be processed by any of the subroutines sy *(vi =1, ..., Nj@). The
preference in processing the request by subroutine sivl decreases with an in-
crease in vij. With an increase in vj, the values of tge average execution
times of subroutines s; = decrease. The subroutine sji 1 45 selected by the fi-
nite automaton M on completion of the operations fvl(vi =i, ..., Nj8). The
automaton opgrates in the random medium C(t) = {Ci Yi(t)}. The probabilities of
penalties Cj 1(t) are ordered as follows:

Qa

R OSTNOS NN (t)=c o= .m 'N"(ﬂ-

The automaton {1 must select the operation f, i with greatest probability during
the operating process.

The interaction of the automaton T4, 1 =1, ..., Ny is realized in accordance
with the procedure analogous to the 'common money drawer' in games of disposi-
tion [2]. The automaton 7j fixes the values of the overload indices yWait and
«flow obtained at the end of the interval Tk. The average penalty for the
player played by the automaton in one interval Ty is calculated by the formula

a = (-’walt(wait + Sflowf(flow)/m(‘jn)
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where Byaitr» Bflow are the coefficients selected as a function of the composi-
tion of the alternate  programs, m(on) is the power of the set of automata I
selecting the subroutines sj . The automata fjto, are penalized in cases where
a > uj’i, where uj'! is the weight of the program sq 1.

For investigation of the efficiency of the call servicing organization algo-
rithms in the EUM, a simulation model and program corresponding to this model
were developed. Two groups of experiments were run. The call servicing organi-
zation model for the first group of experiments did not contain the algorithms
limiting the load of the EUM under overload conditions. The operating programs
- were dispatched on two levels: priority (reception and output of information)
and basic (information processing) with EUM loading coefficient that varies in
the range of 0.94 to 0.98. The second group of experiments was run for the same
values of the characteristics of the external environment of the EUM as the
first, but with organization of call servicing, an adaptive algorithm was used
for limiting the load which was based on the operation of the dispatch automata.

The simulation of the EUM program dispatch algorithms demonstrated that in the
operating range of variations of the values of the EUM load coefficient not ex-
ceeding 5 percent, situations of local overloads arise. The basic level pro-
grams directly connected with the priority level of servicing the calls in the
EUM turn out to be especially unstable with respect to the local overload situ-
ations.

The adaptive EUM load limitation algorithms permit elimination of local overload
situations. The gain achieved here with respect to the values of the admissible
times the requests remain in the EUM is within the range of 18-36 percent. The
use of the dispatching automata made it possible to redistribute the time re-

- serves of the EUM as a function of the overload.
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SOME METHODS OF IMPROVING THE CARRYING CAPACITY OF A CHANNEL SWITCHING NETWORK
[Article by G. L. Slepova, Moscow , pp l41-144]

[Text] Calls in the channel switching networks (KK) can be serviced not only by
the system with rejects, but also by a combined system with rejects and waiting.
In order to estimate the operating quality of the system with waiting, the most
important indices from the point of view of the network user were investigated:

the probability of reject -- p -- and the average walting time -- 1 -- and also
the most important index from the point of view of operating efficiency of the
network -- its carrying capacity.

One of the reasons for using the combined servicing system (KSO) in the KK net-
works is the effort to increase the carrying capacity of the network inasmuch as
by comparison with systems with rejects, the carrying capacity and use of the
service units in the KSO are higher because the serviced load is higher.

The combined servicing system in communicatiors networks is implemented by using
limited waiting of the calls for the release of channels. Here restrictions are
imposed on the time spent by the call in the system. On the existing networks KSOwitha
limited number of waiting places -- m -- and with a limited number of waiting
places and limited waiting time Tgax, have found application.

It is necessary to determine whether there is an increase in carrying capacity
of the KK network with bypasses on introduction of the KSO and the degree of
this increase. For this purpose a study was made of the nature of variation of
losses and average walting time in the network on variation of the number of
walting places for fixed values of the incoming flow and number of channels in
the groups. These relations were obtained by analytical calculation (1) and
they were confirmed by the statistical simulation method (2) for a fully con-
nected five-junction symmetric network with a number of channels in the group
nj = n = 30 with static information distribution plan. Here it was determined
that for small incoming loads (to a specific incoming load of « = 0.8 Erlang),
the introduction of waiting places on the service routings (channel
groups) and increasing the number of them lead to a significant decrease in the
losses for insignificant values of the average waiting time comparable to the
hardware component of the call setuptime in the network. With an increase in
incoming load above the indicated magnitude, introduction of the KSO is not ef-
ficient, for with an increase in number of waiting places both the losses and
the average waiting time increase. This increase in losses 1s possible as a
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result of nonproductive busy time of the channels in the waiting time, tor with
an increase in load, the number of waiting calls and their waiting time increase
sharply. Thus, the introduction of KSO on the KK networks without using special
control methods is efficient only for low loads and a small number of waiting
places.

In order to increase the operating efficiency of networks with KSO in the high-
load range, in the existing networks the method of limiting the nonproductive
loading as a result of waiting calls is used. This is achieved by limiting the
time spent by the call in the queue -- Tpax. In [2] some results from simulat-

- ing such algorithms are presented for different values of Tpax. From the point
of view of the problem stated in this paper it must be noted that the applica-
tion of this method has not led to improvement of the quality indices of the
network.

Inasmuch as the investigated type of overload occurs not only as a result of
"long-waiting" calls, but also as a result of the entire mass of calls waiting
in the tandem junctions, it is expedient to use a method that is simpler to im-
plement to restrict the nonproductive load which consists in preventing waiting
for tandem calls. In the presence of categorizing of calls it is possible to
forbid calls of only the lowest categories from waiting. The expediency of us-
ing the given method is illustrated by the method of statistical simulation in

[2].

However, the application of the indicated method permits only partial solution
of the overload problem in a network with KSO and an increase in its carrying
capacity. As is clear from what has been investigated, when using combined ser-
vicing systems in the KK networks, the following contradictions arise. Under
conditions of low intensities of incoming flows, the use of bypasses is very ef-
ficient, and increasing the number of waiting places reduces the network losses
for small values of the average waiting time; for high intensities of the incom-
ing flows overloads and general network losses occur, and the average waiting
time increases sharply. In addition to the above-noted cause of overloads, ef-
ficient use of bypasses has significance also in a network with rejects.

In (3), the problem of finding the dynamic control algorithm which is efficient
in the entire loading range, that is, realizes expedient distribution of the
call traffic with low load intensities and limits the load for high load inten-
sities, is solved. The "efficient" algorithm was obtained on the basis of gen-
eralizing the "efficient control" principles to the case of networks with KSO.

- The cost of the k-th path of the j-th flow D(l%) for a system with KSO can be
selected as follows:

‘ -
= v Z
D(t) =i (9 + Zpn dy .
Al
where d; (i) -- the cost of the system M/M/ni/m in the state i -- is estimated

as the forecasted increase in number of lost calls as a result of busy time in
the branch y; of the channel or the waitiné place; d¢ is the mathematical expec-
tation of the cost of the branch vz, £ € lj, £ # 1.
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It must be noted that the cost of the path includes the instantaneous cost of
the first branch of the path and mathematical expectation of the costs of the
subsequent ones, for the expression was obtained under the assumption that the
states of the successive branches of the path, in addition to the first, is un-
known at the time of arrival of a call for which prediction takes place. This
is significant for a branch with waiting, for the call can wait in the process
of being set wup for a random time in each tandem UK. 1In the case
of routing the call, a bypass path of minimum cost is selected under the condi-
tion that all the channels and all the waiting places are busy on the direct
path. If D(lk) > 1, the call is rejected. As statistical simulation has demon-
strated, as a result of the application of an efficient algorithm on a symmetric
network for m = 2 it was possible to cut the losses in the entire load range ap-
proximately in half by comparison with the static distribution. This reduction
in losses is felt most significantly in the high-load range. This made it pos-
sible to increase the carrying capacity of the network with a specific load of
0.8 Erlang by | percent; with a load of 0.9 Erlang by 6 percent and with a load
of 1.0 Erlang, by 10 percent.

- It is possible to simplify the efficient algorithm. From the equality

D(z:);E"q.mg(\{‘)/el(\{l)* EZ‘-“[" (I‘ = {,
E e

(2)

where Y1 = \M/u is the load intensity coming to the branch yi; of the path 2%, un-
der the condition that the calls are distributed only with respect to the di-
rect routings, Enl’m1(Y1) is the probability that the system M/M/ni/my will be

busy; Ei(Y;) is the probability that the group of i channels will be busy for
i € ny, for i > n; the probability that the system M/M/ni/i - n; will be busy.

It is possible to find the i which satisfies condition (2). Then if on arrival
of a call on the bypass path 2% on the branch v1 the number of servicing devices
is less than i, the call is serviced. Otherwise a reject is received. The re-
sults of simulating such a simplified algorithm demonstrated that the servicing
quality will be very close to the results obtained when using the theoretical
algorithm.

A studv was made of the dependence of the quality indices for the above-indi-
cated network on the incoming load with an increase in number of waiting places
to 10 when using the efficient algorithm. Inasmuch as its application offers
the possibility of obtaining losses always less than when using only the forward
connections, with an increase in number of waiting places and simultaneous use
of the efficient control it is possible to obtain an increase in network carry-
ing capacity both for low and high loads. The possibility of using an efficient
algorithm combined with using the KSO to increase the carrying capacity of the
KK network were limited only by the requirements on the maximum admissible aver-
age waiting time by a call for beginning of servicing.
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REDISTRIBUTION OF PROBLEMS IN A MICROPROCESSOR CONTROL NETWORK WITH FAILURES
[Article by Ye. N. Turuta, Moscow , pp 145-149]

[Text] One of the prospective approaches to solving the problems of increasing
the reliability of distributed multimicroprocessor control systems is the ap-
proach based on ensuring the property of gradual degradation of the system in
the case of failures of its processor modules. By this property we mean the ca-
pacity of the system to reconfigure and redistribute the problems of the failed
modules among the working modules.

This redistribution offers the possibility of keeping the system operating as a
whole in the case of failures of positive modules with worse, but admissible
values of some of the operating indices of the system such as output capacity,
functioning efficiency, and so on.

A study is made of a distributed multimicroprocessor technological process con-
trol system implemented in the form of a microprocessor control network (Fig-
ure 1). The functional processor modules (PM) solving the technological process
control problems realize control information and data exchange among each other

_ and with the objects of control (0U) by means of the communication network, the
junctions of which are the processor switching modules (KPM).

Figure 1.
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Let us assume that PM failures are possible during operation of the system. The
failures of the communication network channels, KPMand objects of control are
not considered.

The state of the system at an arbitrary point in time is determined by the set
of states of its PM: «xp = 01, ..., On, Where oj € {0, 1} and of{ = 0 if the PMj
is in the fit state; of = 1 1if PMj is in the failed state.

[Two lines missing from the oriiinal text] ... processes solved in the system in
the state ky; %} = {01V, ..., OiVs eees G&Yv}, i=1, ..., gy is the subset of

problems solved by the working PMj in the state xy, where olv e qv, gy = n = ky
is the number of working PM in the state «y, kp is the number of failed PM in
this state, oy = {4y, ..., ¢Ev} is the set of all technological processes (TP)

taking place in the objects of control in the state x,, v =1, ..., 20t - 1 inas-
much as fit PM are absent in the state <! = 11 ... 1.

Organization of the redistribution of the problems of the failed PM requires ex-
ecution of the following basic steps.

1. Finding the sets Q% = {01, ..., oy}, Q;
{¢1, ..., o} corresponding to the state «?

i i 30 =

{0%, ceey Uu, se ey Géi}s b =

00 ... 0.

2. Determination of the correspondence between the set of all cortrol problems

and the set of all TP for the state «°. This correspondence can be given by the
n

matrix [Ia(ui)kﬂ having R = Z my rows and L columns where a(uydk = 1 1f for per-
i=1

formance of the TP ¢x it 1s necessary to solve the problem o% and a(uyk = 0 oth-

erwise.

3. . The choice of indices on which defined requirements are imposed with organi-
zation of redistribution of the problems.

Let us consider the case where such indices are the system efficiency, the out-
put capacity of the PM and the expenditures required for realizing the possibil-
ity of redistribution of the problems.

As the efficiency index of the system in the state k,, let us take the value
Ey = E Pk, where py is the weight of the TP ¢y given by the requester.
B 'bke'b\)

We shall estimate the duration of the PMjy by the mean request servicing time for
the performance of any mission g € Rg in the PMj in the state xy.

Let us assume that the average time Tg for servicing a request in the PMj in the
- state «° and the matrix HATjiH, j=1, ..., Nand 1 = 1, ..., n is given, where
4Tji is the increment of the average request servicing time in the PMj on trans-
fer of the problem gy to it. The required expenditures can be given by the ma-
- trix }[Cji[?, j=1, ..., Nand i =1, ..., n, where Cjj are the expenditures
which are required to ensure the possibility of transfer of the problem gj to
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the module PM; (where oy € C?) on failure of PM:. Let us assume that the value
of Cjji does not depend on in which PMg the problem oj is realized in the state
<%, “On transfer of the problem ol e Qz of the failed PMj to the working PMj two
cases are possible: [four lines missing from the original text] ... that the
PMy will now carry out the problem beginning not only with its own requirements,
but also the requirements of PMp.

In case (2), transfer of problem c& to modulus PMy involves defined expenditures
connected with the necessity for introduction of additional reserves into this
modulus. Therefore we assume that Cji = 0 1f o5 € Qg and C4i # 0 if 0 ¢ ;.
. In the special case the magnitude of the expenditures Cji cannot depend on the
PMi to which the problem is transferred (for example, if all PM in the system
are the same). Then Cji = 0 if o5 € 92 and Cji = Cj if oj ¢ Qi for any i = 1,
ey Qu-.

4. TFinding the set S = {Gy} of distributions of the problems each of which cor-
responds to the state «, from the given subset T = {xy} of states of the system
and satisfies the requirements imposed on the selected indices.

Two approaches to organizing the redistribution of the problems in the system in
the case of PM failures are possible. The first approach assumes that the opti-
mal distributions Gy for all states xy 6 T (where T' is the given subset of
states) are found when designing the system and each PM is provided with the
necessary reserves to carry out the problems required both in the state " and
in each of the states «y € T in accordance with the distributicns Gy found when
building the system.

The second approach is based op the fact that the problem of finding the optimal

distribution Gy is solved each time (using a special decision module) for transi-
tion of the system to the state <y, and the result of its solution can depend on

the preceding states of the system.

In the general case obtaining optimal distribution can require redistribution of
the problems of both the failed and operating PM.

Let us consider the first approach to organizing the redistribution of problems,
assuming that on transition of the system to the state ky, the problems of only

the failed PM are redistributed.

For each state <y, € [ we find the distribution Gy satisfying the conditions:

Ey = max,

Cy £ Cy ad»

T3 < T{ ad» i=1, «o0s 8y

where C, are the expenditures required to ensure the possibility of transferring
the problems of the failed PM to the operating PM in the state «y; TE is the av-

erage request servicing time in the PMj in the state «,; Cy ads T; ad are the
admissible values of the indicated indices for the state xy.
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The problem oj carried out for the initial distribution in the PMj will be de-
noted by o4i. Let the initial distribution Go be given by the matrix “BjiH,
j=1, ..., Nand i =1, ..., n, where 8ji 1s the weight of the problem 0§ car-
ried out for the initial distribution in the PMj defined as

..‘"

pJ" Q};G‘P";

where ¢34 = {¢§i} is the set of TP for performance of which it is necessary to
satisfy the problem oji, p?i is the weight of the TP ¢§i.

Let DY = {MM}}, Dy = {MM}} be the set of failed and operating PM resgectively
for the state «y; Ay be the set of all problems which in the state x° are car-
ried out in the modules M) € DJ.

The component of the system efficiency in the state Ky determined by the perfor-
mance by the operating PM in this state of the problems ¢j; € AS can be ex-
pressed as :

% L L
- EQ=§ZA-d11P1£.

a)'LE v

where diz ¢ {0, 1} and d%l = 1 if the problem g3y is transferred to the PMj,
d%z = 0 otherwise.

It is possible to assume that finding the optimal distribution Gy for fixed
state ky reduces to solving a problem of integral linear programming consisting
in finding the set of values of the variables d}i maximizing the value of the
function Et under the restrictions:

_ 9 .
ComZr S gy Gir Gl €€ ad s
4
) o 5~ .
T,’_-“T N "QZ‘-‘EA: dJl AT(JC)L N T
[

v
v ad, .\"{"“'q)'

where C(jg)i are the expenditures required for realizing the transfer of the
problem o4 to the modulus PMj (given by the matrix ”Cji”);AT(jl)i is the in-
crement of the average servicing time of a request in the operating PM on trans-
fer of the problem oj; to it (given by the matrix []ATjiH).

This problem can be solved by any of the known TsLP methods [2].

5. Finding the problems which each PM must solve in the state <’ and in all
states «y € ' and calculation of the total expenditures required to realize the
obtained set S = (G} of distributions, the average request servicing time in
each PM and the values of the efficiency index of the system for each of the
states of the given set T = {xyl.

160

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000500030035-5



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000500030035-5

FOR OFFICIAL USE ONLY

The optimal distribution of the problems found for each state wy 6 (v =1,
., r) is described by the matrix ﬂA;iH, where § = 1, ..., Nand i =1,
ces Ty Agi is a subset of problems defined below.

Fot the columns corresponding to the operating PMj in the state Ky AVi =
031 U {o~2}“i, where 0jj is the problem executed in the PMj in the State «°;
{53311 is the set of problems o4 transferred to the PMj in the condition «ky
from failed PMy, where they are carried out in the state k'.

For columns corresponding to the failed PMy éii = ¢, Let us construct the re-
sultant matrix “Aji”’ where Aji = ngAgi. e matrix ”Aj1H defines the set of

problems for each PMj, 1 =1, ..., m, which must be carried out in it in the
case of failures of the given subsets of PM in order that in each of the corre-
sponding states of the systems the maximum value of its efficiency will be
reached for given restrictions on the output capacity of the PM and additional
expenditures. The above-indicated system indices can be calculated by this ma-
trix.

BIBLIOGRAPHY
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FUOK UFFIUIAL UDE AZINLY

- MAN-MACHINE METHOD OF OBTAINING AN ALGORITHM FOR THE OPERATION OF A CONTROL UNIT
[Article by L. K. Yan'shina, Moscow , pp 149-152]

[Text] The initial step in the synthesis of microprogram control units is the
step of obtaining the operating algorithm (AF) in the formal synthesis language.
The difficulties of this step consist in the fact that the requester, as a rule,
{s not familiar with the formal synthesis languages and cannot competently write
the algorithm for the behavior of his device in them. In a number of existing
automated design systems (ASP) of digital control units these difficulties are
overcome by creating specialized input languages oriented toward a specific
class of users and similar with respect to their dictionary composition and
grammatical rules to the terminology adopted in the given field of engineering.
However, even in this case it remains necessary for the user to study these
highly ccmplex and formalized languages. In the automated design system for mi-
croprogram automata (ASPUMA), another procedure is proposed for obtaining an al-
gorithm for the functioning of the control unit not requiring any formalized
languages of the user. It is only assumed that he has a meaningful description
of the AF of his device.

Obtaining the AF of the control unit in the ASPUMA system is an interactive pro-
cess, the active side in which is the ASP (computer). However, it is highly
complicated to realize adequate translation of the meaningful description of the
AF to the language of logical flowcharts for algorithms used as the design lan-
guage in ASPUMA directly. Therefore first the AF is written in an intermediate
language (the conversion formula language [1] or sequence language), and then
this notation is translated to the language of the logical flowcharts of algo-
rithms (LSA).

The ASP initiates probtlems of two types: the problem requiring a descriptive
answer, the problem requiring an alternative answer ("yes-no" type). The an-
swers to problems of the first type are given in natural Russian language with-
out any requirements on syntax; the answers to problems of the second type are
regulated. The dialogue is realized by a computer videoterminal, and it con-
tains the following steps.

1. Obtaining the set of control inputs.

2. Explanation of the control input feed sequence.
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3. Description of the set of logical conditionms.
4, Discovery of the values of the logical conditions.

After some familiarization with the technique of performing the dialogue and the
capabilities of the ASP, the requester sets to work on the first step of the
dialogue procedure.

1. Obtaining the set of control inputs:

In this step it is assumed that the requester will describe all of the control
inputs required for proper operation of his device. He must describe the first
control input (operator), second, and so on. Each control input can be de-
scribed by means of several Russian sentences and contain a brief characteristic
of it. All of the described ASP operators are assigned notation with which the
requester is familiar in the dialogue protocol. In the last steps of the dia-
logue procedure all of the described operators are identified only by introduced
notation.

2. Explanation of the control input feed sequence:

It is proposed that the client consider all of the operators described by him
successively. If the conversion formula language is used as the intermediate

- language, the requester must answer the question as to which operators can be
performed after the given operator with observation of certain conditions. If
the sequence language is used as the intermediate language, the requester must
call out the operators which are performed before the given operator. Thus, for
each operator either a set of follower operators will be obtained or a set of

- precursor Operators. The choice of the intermediate language is left to the
requester.

- 3. Description of the set of logical conditions:

In this step all conditions are discovered for each pair of operators between
which transfer is possible, the checking of which is necessary when realizing
the given ctransfer. The computer cutputs the pair of operators Aj, Aj and ex-
plains to the requester what conditions must be checked so that the control in-
put A; can be sent after the control input Aj. Each logical condition (LU) must
be described by several Russian sentences. The described LU obtains a descrip-
tion which is recorded in the dialogue protocol. After all possible (ransfers
Ai, Ay are investigated and a set of LU is described for each transfer, the per-
formance of the third step is completed.

4. Discovery of the values of the logical conditions:

In the intermediate languages used, only the two-valued logical conditions are
considered which assume two values: true and false. In the given step of the
dialogue the requester is given the LU for investigation with indication of the
rransfer Aj > Aj for which it is checked. He must answer the question as to
whether the given transfer takesplace onsatisfaction of the specific LU (that
is, for its true value) ar ponsatisfaction of the LU (for a false value)? When
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all of the transfers from one operator to another are investigated and the
values of all of the described LU are discovered, the writing of the operating
algorithm in the intermediate language will be completed.

After the AF is obtained in the intermediate language, tramslation of it to the
language of logical flow diagrams of algorithms is realized. Since different
languages can be used as the intermediate languages, it is expedient to do the
translation by syntactic methods. For the conversion formula and sequence lan~
guages, generative grammars have been constructed. Inasmuch as the number of
rules of these grammars is small, the power of the terminal &and nonterminal dic-
tionaries is also small, and they are reduced by standard methods to precedence
grammars, and the methods based on precedence ratios were used to construct the
translator. The recognition element of this translator is very simple and uni-
versal for a class of input languages [2].

Each input language is represented by a table of generative rules and precedence
4 matrix, and the output language is represented by a set of semantic programs.

In conclusion, it is necessary to note that the given procedure can be used to
automate programming, that is, to obtain the block diagram or logical flow dia-
- gram of the algorithm of the complex program.
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